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INTRODUCTION. 



The collection of Practical Geometry, here presented to 
the public, is the course which is passed through by 
the Masters in Training for Schools in connexion with 
the Department of Science and Art, at the Training 
School, Marlborough House; the method of teaching 
adopted, being that of Lecture> whh the drawings made 
on the Black Board by the teach'er; the students 
making notes at the time, and afterwards making 
careful drawings with the necessary written descrip- 
tions. 

The superiority of this method of teaching, over that 
of placing sheets of geometric figures with printed 
descriptions before a student, and allowing him to copy 
both, need not be enlarged upon here ; to extend this 
method of oral teaching is the principal object sought 
to be promoted by the publication of the course. 

Added to this, a necessity has arisen for placing the 
entire course, used at the Training School, within the 
reach of many who cannot attend the training class at 
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4 PRACTICAL OEOMETBT. 

Marlborough House, . in order that they may prepare 
themselves for examination upon it; the whole course 
is giveu, as being necessary to the teacher, although 
the whole is by no means necessary to all scholars. 
It has therefore been thought desirable to suggest 
to the teacher two courses of Practical Geometry, 
— the first, consisting merely of those figures neces- 
sary to all for the practice of Perspective and of 
drawing generally; such a course as should be 
taught in all training and other schools, where it 
is proposed that drawing should form a part of general 
education ; the second, containing, besides the above, 
those figures which are eminently useful and sug- 
gestive in connexion with the various wants of in- 
dustrial and ornamental Art, and which may be con- 
sidered adapted to the wants of the central schools. 

In both cases, as short a course has been selected 
as possible ; in neither is given all that it is desirable 
each class of students should acquire, but both may 
be regarded rather as nucleii, around which each 
teacher may group other figures, according to the op- 
portunities and wants of particular classes and localities. 

It is hoped also that the present collection may 
form a useful and ready book of reference to many who, 
in various branches of trade and manufacture, would be 
greatly advantaged by a knowledge of Practical Geo- 
metry, especially of those portions which apply to the 
construction and combination of symmetrical figures. 

It is proper at once to announce that the work is 
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descriptive not demonstrative ; several years' experience 
having furnished ample proof, that although it is 
necessary that the students of our schools should know 
how to constru.ct Plane Geometric figures, it is vain, as 
it is perhaps unnecessary, to hope that they will 
hecome mathematicians; their want of preUminary 
training, and the amount of time necessary, rendering 
such a result an impossibility. 

But this should not prevent the teacher from 
occasionally employing demonstration according to his 
ability, rather as an incentive to some than as a neces- 
sity to all. .In all applications of Science to Art, we 
may be certain that many more will learn how to do, 
than why it is done. 

As this work has been preceded by an ^'Intro- 
duction to the Study of Plane Geometric Figures,'' con- 
taining all necessary definitions, &c., none are given 
in the present work, the student being supposed to be 
fully acquainted with them. 

Following the method adopted in the '" Introduc- 
tion," this course of construction of Plane Geometrical 
Figures is divided into three sections : — 

1. The construction of single figures. 

2. The combination of figures. 

8. The transformation of figures and quantities. 

At the commencement of each section will be placed 
such elementary figures as are necessary teethe con- 
struction of the figures included in it, and no more. 

This method has this advantage— the student is not 
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kept working a number of elementary problems of 
which he cannot discover the use^ and which it is most 
likely he will forget before he has an opportunity of 
applying them; but, having drawn a few elementary 
figures, he sees at once their use, and, by their frequent 
application, impresses them more fixedly in his mind. 

As a work of reference, this method has also the 
advantage of supplying more readily the information 
sought than an undivided work. 

It has been the endeavour to make this course of 
the construction of Plane Geometrical figures full and 
complete, without being limited or overloaded by the 
requirements of any specialty, to impart to the students 
of the schools a knowledge useful in every branch of 
Art, and only so frequently unapplied from being so 
commonly unknown. . 

In the constructive problems of the first section it 
has been desired to place before the student methods 
that should meet every condition under which the con- 
struction of regular plane geometrical figures could be 
required of him, from knowing well that, to many, a 
proposition, dififering in any degree in its conditions 
from one previously known, presents insuperable diffi- 
culties. 

In the construction of Polygons, an effort has been 
made to complete the series from a five to an eleven- 
sided poison, both inscribed and constructed ; and one 
figure is given by which any polygon, from a five to a 
twenty-sided, may be drawn ; whether or not this may 
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admit of frequent practical application^ as an exercise 
for careful geometric drawing it may be useful. 

Another class of figures^ of great use in Ornamental 
Art^ Ovals^ has been introduced — it is hoped not 
without advantage : one method, by which every variety 
of ovoid form may be described to given dimensions, 
admits of numberless applications in practice; and it 
is hoped that this course may both enrich the memory 
and stimulate the inventive powers of the students. 

In the constructive problems of the second section 
it has been endeavoured to place before the student 
means for the extensive combination of regular geometric 
figures with each other ; the infinite applications of these 
figures to the requirements of Art and Industry must 
alike excuse their copiousness and their possible defi- 
ciency, for whilst to some it may appear that more are 
given than are often needed, it is quite possible that 
wants may exist not suppliable by these figures. 

Having in the first section given means for the 
construction of single figures ; in the second, for their 
combination with each other -, the third section is de- 
voted to the conversion or transformation of figures into* 
others, equal to them in area, &c. : the elementary 
problems of this section will relate, therefore, to the 
measurement of surfaces, &c. 

In such a work selection will, of course, supply the 
bulk of the material ; in the present course it ig^ believed, 
however, that many are new, and these, it is hoped, 
may be found useful. 
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The student seeking to learn is strongly advised to 
draw his figures large; say^ for each line one inch 
long in the plates^ to draw one three inches long 
himself^ and^ instead of copying the description^ to 
write one of his own, and then compare them. 

It is also carefully to be borne in mind that the 
utmost neatness and care is essential to success in 
drawing Geometrical Figures; without these, errors 
will constantly arise, confusing the student, and render- 
ing him doubtful of the truth of the method given, 
but really resulting from his own carelessness and 
want of precision. 

It has been sought to make the descriptions as terse 
and brief as consistent with explanation, from a belief 
that a loose colloquial style, while seemingly intended 
to aid the understanding, tends really to confuse it. 

The works of Pasley on Practical Geometry, and of 
Baron Dupin on the Application of Geometry to the 
Arts, will furnish most valuable aids to those who may 
wish to pursue still further the study and application 
of Practical Geometry. 

Marlborough House, 
January Z\sty 1865. 



PLANE GEOMETRICAL FIGURES. 



All Right-lined Plane Geometrical Figures are in- 
closed by lines, either perpendicular and parallel, per- 
pendicular and oblique, parallel and oblique, or oblique 

only in their relation to each other. 

One or more of the following elementary figures 

(except 15 and 16) are necessary to the construction of 

every right-lined figure. 



Elementary Problems to Section I. 

Figs. 1 and 2. 
To bisect a line A B, either straight or curved. 
From A and B, with any radius greater than the 
half of A B, describe arcs cutting each other in c 
and d. 

From c draw a right line to rf, and it will bisect line 
AB. 



Fig. 3. 

To draw a line perpendicular to a given line A B, af a 
point C in the line. 
From C, with any radius, cut the line A B in c c. 
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From c c describe arcs cuttiDg in d. Draw line 
C i, and it will be perpendicular to A fi. 



Fig. 4. 

To draw a line perpendicular to a given line A B^ from a 
point C above or below the line. 

The description and letters of Fig. 3 apply to this 
figure also. 



Fig. 5. 

To draw a line perpendicular to a given line A B^ at its 
extremity. 

From B^ with any radius, describe an arc c, having 
its extremity c in the line A B. 

From c, with the same radius, cut arc c in d. 

From d, with the same radius, cut arc c in ^. 

From d and e, with the same or any other radius, 
describe arcs cutting in /. 

Draw line/ B, it will be perpendicular to line A B 
at its extremity. 

♦ 

Fig. 6. 

To draw a line, ifc. as the last — a second method. 

Take any point, lying out of the line A B, and 
between its extremities, as C. 
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With the radius C A describe arc c, having its 
extremity c in the line A B. 

From Cj with the same radius, cut arc c in d. 

From dy with the same radius^ cut arc c in e', 
and from e, with the same radius^ in/. Draw line/A, 
and it will be perpendicular to A B at its extremity. 



Fig. 7. 
The same — a third method. 

As in the last figure take any point C. 

With C B as radius, describe an arc cutting A B in 
c, and passing through B. 

Draw a line from c, passing through C, and cutting 
the arc in d. 

Draw line d B, and it will be perpendicular to A B 
at its extremity. 



Fig. 8. 

To draw a line perpendicular to a given line A ^yfrom a 
point C above or below the line A B, quite, or nearly 
over its extremity. 

Draw any line from C, cutting A B in c. 
Bisect C cixx d, by Fig. 1. 

With rf C as radius, describe arc C A ; its point of 
intersection with line A B will be perpendicular to C. 
If the arc pass beyond the extremity of the line 
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A B, produce it to cut the arc and join C with the 
point of intersection. 



Fig. 9. 

To draw a line parallel to a given line A B, from a given 
point C. 

From any point on A B as Cy with the radius c C, 
describe an arc cutting line A B in (^. 

From rf, with the same radius, describe arc c. 

From c, with rf C as radius^ cut arc c in e, making 
arc c e equal arc £/ C. 

Draw line e C, it will be parallel to line A B. 



Fig. 10. 

To draw a line parallel to a given line A B^ a/ a distance 
from it, equal to a given line C D. 

From any two points in line A B, with line C D as 
radius^ describe arcs c and d. 

A tangent drawn to both those arcs will be parallel 
to line A B^ at a distance from it equal to line C D. 



Fig. 11. 

To draw a line from a point C, making, with line B C, 
an angle equal to a given angle A. 

From A, with any radius^ describe arc a. 
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From C, with the same radius^ descrihe arc b c. 
Make arc b c equal arc a, as in Fig. 9. 
Draw line c C^ and the angle C will be equal to 
the given angle. 



Fig. 12. 

To draw a line from a point D, lying without line B C, 
making an angle with line B C equal to a given 
angle A. 

Draw line D a parallel to B C, by Fig. 9. 

At the point D make an angle equal to the given 
angle A. 

Produce the side until it cuts line C B in B. 

The line D B will make with line C B an angle 
equal to the given angle A. 



Fig. 13. 
To divide a line A B into any number of equal parts. 

Draw line A a at any angle to A B, and B 6 at the 
same angle on the other side of A B, by Fig. 11. 

With any radius set off from A and B on the lines 
A a and B b^ the number of parts^ less one^ into which 
it is required to divide A B, as 1, 2, 3, 4, 5. 

Join 1—5, 2—4, 3—3, 4—2, 5—1, and A B is 
divided into six equal parts. 
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FlO. 14. 

The same — another method. 

Draw B C at any angle with A B. 

Set off on B C the whole number of parts^ as 1^ 2^ 
8, 4, 5. 

Join 5 A. 

Draw lines from 4^ 3^ 2, and 1^ parallel to 5 A^ and 
A B will be divided into five equal parts. 

By a similar method a line^ greater or less than a 
given line, may be divided proportionally to it. 



Fig. 15. 

To divide a line A B proportionally to the divided 
line C D. 

Place A B parallel to C D at any distance from it. 

Draw lines from the extremities of A B through 
the extremities of C D, produce them tintil they cut in 
E, making a triangle A E B. 

Draw lines from E through the divisions 1, 2, 3, 4, 
of line C D, cutting line A B. 

The divisions on A B will have the proportion to the 
whole divisions on C D that the whole line A B has to the 
Hne C D. The lines will be proportionately divided. 



Fm. 16. 
The same — another method. 
Let B C, the divided line, make any angle with B A, 
the line to be divided, at B. 
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Draw line C A, joining the two other extremities of 
the lines. 

Draw lines from 1, 2, 3, 4, 5, parallel to C A, 
dividing line A B proportionally to line B C. 



By either of those methods plans or other drawings 
may be proportionately enlarged or diminished. 



Constructive Problems of Section I. 

Fm. 17. 

To construct an Equilateral Triangle on a given 
base, A B. 

From A and B, with A B as radius, describe arcs 
cutting in C. 

Draw lines A C and C B. 

Tlie triangle A C B is equilateral and equiangular. 



Fig. 18. 

To construct an Equilateral Triangle of a given 
altitude, A B. 

From both extremities of A B draw lines perpen- 
dicular to it, by Fig. 5, as C A and D B. 
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From A, with any radius, describe a semicircle on 
C A, and with its radius cut off arcs b b. 

Draw lines from A through b b, and produce them 
until they cut the base B D. 



Fig. 19. 

To construct an Isoskeles Triangle on a given base, A B, 
with a given vertical angle C. 

Produce the base A fi to £. 

Make at A an angle i A r, equal to the given 
vertical angle C, by Fig 11. From A, with any radius, 
describe an arc, cutting lines c A and A B in c 
and d. 

Bisect arc c din e. 

Join A e and produce the line. 

Make at B an angle equal to angle dAe, 

Produce the side to meet line A e, and an isoskeles 
triangle will be constructed, having a base and vertical 
angle equal to the given base and vertical angle. 



Fig. 20. 

To construct any Triangle, its base A B, and the angles 

at its base, A and B, being given. 

Make C D equal A B. Make angle C equal angle 
A, and angle D equal angle B, by Fig. 11. 
Produce their sides until they meet. 
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Fig, 21. 
To eomtruct any TriangU, its three sides A, B, and C 
betnff given. ' ' 

From one extremity of the base, as A desmK. 
arc with the line C as radius. ^ ^ 

d Jr *^' "'^"" "*''"'*y' "^'^ «°« B as radius 
describe an arc, cutting the first arc in D ' 

From D draw lines to the extremities of line A and 
a tnan^e^wUl be constructs 

and C iTrr.'""^''' *'^ ^"° «''-*- «<J-> B 
sTde A. "^ '^ "'" *'^ ^'^"^ *» '^^ lon;er 

Fig. 22. 
yo construct a Square upon a given base, A B. 
Erect a perpendicular at B, by Fig. 5 
Make B C equal A B 

cutt[::D.'°'''^^*''"^--^-'^-ribearcs, 
Join DA and DC to complete the square. 

Fig. 23. 
To construct a Square, having a given diagonal A B. 
Bisect A B in C. 

Draw DE perpendicular to A Bate. 
Make C D and CE each equal AC. 



18 FBACTICAL OEOMETBY. 

Join A D^ D B^ B E^ and E A^ and a square is 
constructed, having a diagonal equal to the diagonal 
given. 

Fig. 24. 

To construct an Oblong of two given sides, A B and A C. 

Draw A C perpendicular to A B at A. 
From B^ with A C as radius, and from C, with A B 
as radius, descrihe arcs, cutting in D. 
JoinCD andD A. 



Fig. 25. 

To construct an Oblong, of which the diagonal, AB, and 
one side, A C, w given. 

Make D E equal A B. 
Bisect D E in F. 

From F, with F'E as radius, describe a semicircle. 
From D, with A C as radius, cut the semicircle 
inG. 

Join D G and G B. 

Complete the oblong as in Fig. 24. 



Fig. 26. 

To construct a Rhombus having a base and angle equal to 
a given base A B, and given angle A. 

Make line C D equal line A B. 
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Make angle C equal angle A. 
Produce line C E equal to line A B. 
From D and E^ with line A B as radius^ describe 
arcs, cutting in F. 

Join F E and F D to complete the rhombus. 



Fig. 27. 

To construct a Rhombus having a given diagonal A B, 
and a given side G D. 

Make line E F equal line A B, 

From E and F^ with line G D as radius^ describe 
arcs^ cutting in G and H. 

Draw lines E G, G F, F H, and E H, to complete 
the rhombus. 



Fig. 28. 

To construct a Rhomboid having adjacent sides equal to 
two given lines A B and A G^ and an angle equal to 
a given angle A. 

Make line D E equal line A B. 
Make angle D equal angle A. 
Produce line D F equal to line A G. 
From F^ with line A B as radius, and from E^ with 
line A G as radius^ describe arcs^ cutting in G. 
Join F G and E G. 
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Fig. 29. 

To construct a Rhomboid having its adjacent sides, A B 
and A C^ and its diagonal D E, given. 

Make line F G equal the given diagonal D E. 

From F, with line A C as radius, and from Q, with 
line A B as radius, describe arcs, cutting in H. 

From F, with line A B, and from G, with line A C 
as radii, describe arcs, cutting in I. 

Join G I and G H, H F and F I. 



Fig. 30. 

To construct a Trapezium equal to a given Trapezium, 
A, B, C, D. 

Make line E F equal line A B. 
Make angle E equal angle A. 
Make side E G equal side A C. 
From G, with the side C D as radius, and from F, 
with B D as radius, describe arcs, cutting in H. 
Join G H and F H. 



Fig. 31. 

To construct a Trapezium when the length of the diagonal 
line A B, and the angles at its extremities A and B, 
are given. 

Make line C D equal the length of the diagonal 
AB. 
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Make angles at C equal and correspondent to the 
angles at A, and angles D equal and correspondent to 
those at B. 

Produce their sides until they cut, completing the 
trapezium. 



Fig. 32. 

To construct a Trapezium when two of its adjacent sides, 
A B and A C, the angle A formed by them, and the 
length of the sides making pairs with them, D E and 
F 6, are given ; or if the length of one of them, D E, 
and the length of the diagonal H I, is given. 

Make line K L equal line A B. 

Make line K M equal line A C. 

Make angle K equal angle A. 

From L, with line F G as radius, and from M, with 
line D E as radius, describe arcs, cutting in N. 

Join M N and L N. 

If one side, D E, and the length of the diagonal 
H I, is given. 

From M, with line D E as radius, and from K, 
with line H I as radius, describe area, cutting in "N. 

Draw lines M N and L N as before. 

Note. — No figures for the construction of Trapezoids 
are given, as, except that two of their sides are placed 
parallel to each other, the methods of constructing 
them under similar conditions would be the same as 
those for Trapezia. 
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Fig. 83. 
To construct any regular Polygon, the circumscribing 
circle being given. 
At any point of contact G^ draw a tangent A B to 
the given circle. 

From C, with any radius^ describe a semicircle, 
cutting the given circle. 

Divide the semicircle into as many equal parts as 

the polygon is required to have sides, as 1, 2, 3, 4, 5, 6. 

Draw lines from C through each division, produce 

them, and the points where they cut the circle will give 

the place of the angles of the polygon. 



Fig. 84. 

The same — another method. 

Draw a diameter, A B, of the given circle. 

Divide A B into as many equal parts as the polygon 
is required to have sides, by Fig. 13. 

From A and B, with the line A B as radius, describe 
arcs, cutting in C. 

Draw a line from G through the second division of 
the diameter and produce it, cutting the circle in D. 

B D will be the side of the required polygon. 

Set oflF B D round the circumference of the circle, 
and points for the angles of the polygon will be obtained. 

Note. — Whatever number of sides the polygon may 
have, the line from C must always be drawn through 
the second division of the diameter. 
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Fig. 85. 

To construct any regular Polygon of which a line A B is 
the given side. 

Make B D perpendicular to A B, and equal to it. 

From B, with A B as radius^ describe arc D A. 

Divide arc D A into as many equal parts as there 
are required sides in the polygon, as 1, 2, 3, 4, 6. 

Draw line B 2. 

Bisect line A B, and erect a perpendicular at the 
bisection, cutting B 2 in C. 

From C, with C B as radius, describe a circle. 

With line A B as radius, cut oflF arcs on its circum- 
ference, and the chords of those arcs will be the sides 
of the required polygon. 

Note. — As in Fig. 34, the line from B is always 
drawn to the second division, from the perpendicular 
D B of the arc D A, whatever the number of sides in 
the polygon. 

Fig. 86. 
The same — another method. 

Produce line A B. 

Prom A, with any radius, describe a semicircle. 

Divide the semicircle into as many equal parts as 
are required sides in the polygon, as 1, 2, 8, 4, 5, 6. 

Draw lines through every division except the first : 
produce them. 
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From A, with A B as radius^ cut off A 2 in C. 
From C, with the same radius^ cut A 3 in D. 
From B, A 5 in F, from F, A 4 in E. 
Join A C, C D, D E, E F,and F B, to complete the 
polygon. 



Fig. 37. 
The same — another method. 

Bisect A B. 

Erect a perpendicular at its bisection. 

From A, with A B as radius^ describe arc B C, 
cutting the perpendicular in C. 

Divide arc B C into six equal parts. 

For a/ve-sided polygon. 

From C as centre, with C 5 as radius, describe an 
arc, cutting the perpendicular below C, and the point of 
their intersection will be the centre required. 

A circle described from C, with C A as radius, will 
contain a 5ta?-sided polygon. 

If the polygon have m^re sides than six, set up 
from C on the perpendicular as many parts of the arc 
A B C as added to six make the number of sides of the 
required polygon : thus, for a s^en-sided, set up one ; 
for an ei^A^-sided, two; and so on ; and 7, 8, 9, 10, &c. 
will be the centres for circles containing polygons 
having as many sides, each side being equal to the line 
AB. 
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Fig. 38. 

To describe or inscribe any regular Polygon lying equi- 
distant about or within a similar Polygon^ the side 
of the required Polygon being given. 

If the side of the required polygon A B be greater 
than the given polygon. 

Find the centre C of the given polygon, by bisecting 
two of its adjacent sides, and erecting perpendiculars 
on the bisections cutting each other. 

Draw the radii C D and C E. 

Produce the side of the given polygon, making 
F G equal A B. 

From the extremity of the produced side G draw a 
line parallel to C D, cutting the produced radius C E 
in E. 

From C, with G E as radius, describe a circle. 

From* E cut off chords equal to A B, and a polygon 
having its sides equal to A B will be described lying 
equidistant about the given polygon. 

If the side of the required polygon, H I, be less than 
the side of the given polygon. 

Draw the two radii, C D and C E, as before. 

Set off on the side of the given polygon the side of 
the required polygon, as a J. 

Draw b c parallel to radius a C, cutting C D in c. 

From C, with C <? as radius, describe a circVe •, it wSV 
contain a polygon having sides equal to H I, lying eqta- 
distant within the given polygon. 
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Fig. 39. 

To construct any regular Pentagon^ the circumscribing 
circle A being given. 

Draw a diameter A B, and a radius C D perpendi- 
cular to it. 

Bisect A G in a. 

From a, with a D as radius^ describe arc b D, cut- 
ting the diameter in b. 

Draw line D b, it will be equal to the side of the 
pentagon. 

Fig. 40. 

To construct a regular Hexagon^ the circumscribing circle 
being given. 

Draw a diameter^ A B. 

From its extremities with the radius of the circle 
cut off arcs ab, cd. 

Draw lines Aa, Ab, cB^Bd, a c, and b d. 



Fig. 41. 

To construct a regular Heptagon^ the circumscribing 
circle being given. 

Draw a radius^ A B. 

From B^ with A B as radius^ describe arcs, cutting 
the circumference in a J. 

Draw line a b, it will be bisected by the radius in C. 
C a will be equal to the side of the required heptagon. 



plane geometrical vigures. 27 

Fig. 42. 

To construct a regular Octagon^ the circumscribing circle 
being given. 

Draw a diameter, A B. 

Bisect the arcs A B in C and D. 

Bisect arcs C A and C B, in a and b. 

Draw lines from a and b through the centre of the 
circle, cutting the circumference in c and d. 

Draw lines A a, a C, C i, i B, Be, c D, D rf, and rf A. 



Pig. 43. 

To construct a regular Nonagon, the circumscribing circle 

being given. 

Draw a produced diameter, A B ; another perpen- 
dicular to it, C D. 

From C, with the radius of the circle, describe an 
arc cutting arc C B in a. 

From D, with D a as radius, describe an arc, cutting 
the produced diameter in b. 

From by with A C as radius, describe an arc, cutting 
A B in <?. 

Line c A will be equal to the side of the nonagon. 



Fig. 44. 
To construct a regular Decagon, or Pentadecagon, the 
circumscribing circle being given. 
Draw a diameter, A B, and a radius perpendicular 
to it, C D. 
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Bisect C D in E. 

Draw line B A. 

From E, with E C as radius^ describe an arc, cutting 
E A in F. 

From A, with radius A F, describe an arc, cutting 
the circumference in G. 

The chord A G is the side of the decagon. 

From A, with radius A C, describe an arc, cutting 
the circumference in H. 

The chord G H is the side of a pentadecagon. 



Fig. 45. 

To construct a regular Undecagon, the circumscribing 
circle being given. 

Draw two diameters, A B and D E, perpendicular 
to each other, intersecting in C. 

From E, with radius E C, describe an arc, cutting 
the arc E A in a. 

From A, with the same radius, describe an arc, 
cutting the arcs A D in fr. 

From fl, with radius a b, describe an arc, cutting the 
radius G D in c. 

Draw the right line c b, it will be equal to the 
side of the undecagon. 



Fig. 46. 
To construct a Pentagon upon a given line A B. 
Produce A B. 
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From B, with radius B A, describe a semicircle, 
cutting the produced line A B in C. 

From A, with radius A B, describe an arc, cutting 
the semicircle iu D. 

Bisect A B in E. 

Draw line D E. 

Bisect arc B D in F. 

Draw line E F. 

From C, with radius E F, cut off on the semicircle 
arc 1, and from 1 with the same radius arc 3. 

Draw line B 2, it will be a second side of the pen- 
tagon. 

Bisect it, and draw a line perpendicular to it at the 
bisection. 

The perpendiculars from the sides A B and B 2 will 
cut in G. 

From G, with the line G A as radius, describe a 
circle; it will contai^;^ the required pentagon. 



Fig. 47. 
To construct a Hexagon upon a given line A B. 
From A and B, with radius A B, describe arcs cut- 
ting in C. 

From C, with radius C A, describe a circle ; it will 
contain the required hexagon. 



Fig. 48. 
To construct a Heptagon upon a given line A B. 
Produce A B. 
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From B^ with radius A B, describe a semicircle^ 
cutting the produced line A B in G. 

From A^ with the same radius^ describe an arc^ cut- 
ting the semicircle in D. 

Bisect A B in E. 

Draw line D E. 

From C^ with line D E as radius^ cut off on the 
semicircle arc 1. 

Draw line'B 1^ it is a second side of the heptagon. 

Bisect it^ and obtain the centre of the circum- 
scribing circle^ as in Fig. 46. 



Fig. 49. 
To construct an Octagon on a given line A B. 

Produce line A B. 

From B, with radius B A^ describe a semicircle^ cut- 
ting the produced line A B in G.^ 

Bisect the semicircle in D. 

Bisect arc C D in 1. 

Draw line B 1^ it will be a second side of the 
octagon. 

Obtain the centre as before. 



Fig. 50. 

To construct a Nonagon on a given line A B. 

Produce line A B. 

From B^ with radius B A^ describe an arc^ cutting 
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the produced line A B in C^ and being produced below 
A. 

Prom A, with the same radius^ describe an are, cut- 
ting the first in D and E. 

Draw line D B, cutting A B in F. 

From D, with radius D A, describe arc A B. 

From E, with radius E F, describe an arc, cutting 
arc A B in 6 and H. 

From C, with line 6 H as radius, cut the semicircle 
inl. 

Draw line B 1, it is a second side of the nonagon. 

Find the centre as before. 



Fig. 51. 
To construct a Decagon on a given line A B. 

Produce A B. 

From B, with radius B A, describe a semicircle, cut- 
ting in C. 

From A, with radius A B, describe an arc, cutting 
the semicircle in D, and bisect A B in E, all as before. 

From B, with radius B E, describe an arc, cutting 
arc B D in F. 

Draw line E P. 

From C, with line E F as radius, cut the semicircle 
in 1. 

B 1 will be a second side of the decagon. 

Obtain the centre of the circumscribing ciide as 
before. 
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Pig. 52. 
To construct an Undecagon on a given line A B. 

Produce A B^ and describe the semicircle as before, 
producing it below A. 

Prom A, with radius A B, describe an arc, cutting 
the first arc in D and E. 

Draw the line D E, bisecting A B. 

Prom B, with the half of B A as radius, describe 
an arc cutting arc B D in G. 

Bisect arc B E in H. 

Draw lines A G and A H, cutting E D in I and K. 

Prom C, with radius I K, cut off on the semicircle 
arc 1. 

Draw line B 1, and proceed as before. 



Pig. 53. 

Within a given circle to find the side of any Polygon, 
from a five to a twenty-sided, inclusive. 

Draw a diameter, A B. 

Draw a radius^ C D, perpendicular to it. 

Bisect A C in E. 

Join E D. 

Prom E, with radius E D, describe an arc, cutting 
C B in P. 

The chord D F is the side of a pentagon. 

The radius C J) is the side of a hexagon. 

Prom C, with radius C P, describe an arc, cutting 
C D in G. 
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Join G F. 

Bisect arc F D in H. 

Join B H, cutting C D in I, and produce the line 
to cut the circumference in K^ 

At angle C upon C P construct a square, having 
sides equal to CIj it will tpuch line PG in L, bi- 
secting C P in M. 

Join L £, and the line is the side of a heptagon. 

Bisect angle LED, and produce the bisecting line, 
cutting C D in N. 

Join N P, and the line is the side of an octagon. 

Join P I, cutting L M in 0. 

Join K 0, and the line is the side of a nonagon. 

Line C ¥ is the side of a decagon. 

Draw line L K, it is the side of an undecagon. ^^-^^^'^ 

Prom E, with radius E C, describe an arc, cutting 
line E N in P. 

Draw line L B, cutting K in Q. 

Join F Q, it is the side of a dodecagon. 

Line O K cuts arc P 6 in B. 

Draw I B, it is the side of a tridecagon. 

Line L K c^ts D P in S. 

Join S 6, it is the side of a qtiadecagon. 

Line E K cuts line P 6 in T. 

Prom L, with L T as radius, describe an arc, 
cutting the top of the square L I in U. 

Join U H, the line is the side of a pentadecagon. 

Line P Q cats line E L in V. 

JoinY C, it is the side of a heaadeeagon. 
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Line L H cuts line 6 S in W. 

Join I W^ it is the side of a heptadecagon. 

line 10 is the side of an octadecagon^ 

Line U H cuts line I. W in X. 

Join F X^ it is the side of a nonadecagon. 

Line It H is the side of a bisdecagon. 



Fig. 54. 

To describe an Ellipse, its axes or transverse and con- 
jugate diameters A B and C D being given. 

Flace the transverse diameter A B and the conjugate 
diameter CD perpendicular to each other at theic 
centres. 

From C or D^ with the half of A B as radius, 
describe arcs, cutting line A B in F 1 and F 2. 

These are the focii of the ellipse. 

Divide the two portions of the line A B lying be- 
tween the two focii and the centre of line A B into any 
number of parts ; they may be equal, but it will be an 
advantage if the divisions lessen as they approach F. 

Number them 1, 2, 3, 4, &c. 

From F 1, with radius A 1, A 2, A 3, A 4, 8cc. 
debcribe arcs in the spaces A C apd AD.. 

From F 2, with B 1 (the first division towards A 
beyond the centre of A B), B 2, B 3, B 4, &c. de- 
scribe arcs cutting the ^rcs already described from F 1 ; 
radius B 1 cutting arc A 1, &c. iu a, b, c, d, &c. 
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Draw a line, passing through the points A a, b, c, rf, 
e,/, C, and complete the figure by a repetition of the 
process. 



Fig. 55. 
The same —^another method. 

Place the diameters perpendicular to each other at 
their centres C, as before. 

From C, with radii C A and C D, describe 
circles. 

Divide the circumference of the larger circle into 
any number of equal parts, 1 , 2, 3, 4, 5, 6, 7. 

Draw radii from each division, cutting the smaller 
circle also in 1, 2, 3, 5, 6, 7. 

From the divisions of the smaller circle, draw lines 
parallel to the transverse diameter A B. 

From the divisions of the greater circle, draw lines 
parallel to the conjugate diameter D E. 

The intersections of the lines so drawn will give 
points through which to draw the curve of the ellipse. 



Fig. 56. 
The same — another method. 

Place the diameters as before. 
At A and B draw lines parallel, and equals to line' 
DE. 
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At D and E draw lines parallel^ and equals to line 
A B^ constructing an oblongs F, 6^ H^ I, having sides 
equal to the diameters of the ellipse. 

Divide line A C and B G into the same number of 
equal parts, 1, 2, 3, C. 

Divide lines A F and B G into the same number of 
equal parts, as lines A C and B G. 

Draw lines from E through the divisions on line 
AB. 

Draw lines to D from the divisions on lines A F 
and B G. 

The intersections will give points as in the last 
figure. 

Repeat the process for the other half. 



Pig. 57. 
TTie same — another method. 

Place the diameters — find the focii and letter them^ 
as in Fig. 54. 

Fix two points, as pins, at F 1 and F 2. 

Tie loops at the ends of a string, the string, in- 
cluding the loops, when pulled tight, being equal in 
length to line F 1, D, F 2. 

Place the loops over the pins at F 1 and F 2. 

Place a pencil or other marking point within 
and against the string (which must be kept equially 
strained). 

Make the pencil traverse from A through D to B, 
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and if care has been taken to keep the string equally 
strained^ a semi-ellipse will be obtained. 

Tom the string over and repeat the process for the 
other half. 



Fig. 58. 



To describe an Elliptical figure by Arcs of Circles, 
its transverse and conjugate diameters A B and D E 
being given. 

Place the diameters perpendicular to each other at 
their centres, C. 

From A, with line D E as radius, cut line A B in F. 

Divide F B into three equal parts. 

From C, with two of those parts as radii, cut line 
A B in a and b. 

From a and b, with radius a b, describe arcs cut- 
ting in c and d. 

From d, with radius d D, describe arc ef. 

From a and b, with radius a A, describe arcs e g 
Rnifh. 

From c, with radius c E, describe arc ^ A to com- 
plete the figure. 

Lines drawn from c and rf, through a and b, will 
give the points of junction of the four arcs. 

Note. — This figure is given as a simple mechanical 
method of producing a figure approximating to an ellipse, 
but it is on many accounts objectionable from the imper^ 
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fections of the curve obtained, and the frequent impossi^ 
hility of the coincidence of the arcs described from the 
two sets of centres. 



Fig. 59. 
To describe an Oval or Egg- shaped figure, its transverse 
and conjugate diameters A B and C D, and their point 
of intersection E^ being given, by points and a string. 

Place the diameters perpendicular to each other at 
E, making E G equal E D. 

Bisect A E and draw a line through the bisection 
parallel to C D. 

From A^ with radius E G^ cut the last drawn line in 
6 and H. 

From A, with the half of line G H as radius, cut 
line G H in I and K. 

Divide G I into two equal parts, and set off one 
of them from I and K, cutting line G H in F 1 and 
F2. 

From B set off two of the same parts, cutting line 
A B in F 8. 

Place pins in A, F 1, F 2, and F 3. 

Tie a string tightly round those four pins. 

Remove the pin at A and substitute a marking 
point, as in Fig. 57. 

The traversing point will describe an oval passing 
through, and haying its greatest dimensions in, the 
points A, B, C, D. 



plane oeometrical figures. 39 

Fig. 60. 

To describe an Oval by Arcs of Circles. 

Upon any right line, A B, describe a semicircle C D, 
equal in diameter to the proposed oval. 

From C and D, with the radius of the semicircle^ 
cut the right line in A and B. 

From A and B^ with radius B C, describe arcs C E 
andDF. 

From A or B draw a right hne through the trans* 
verse diameter, cutting it in 6, touching the opposite 
arc in E or F. 

From G, with radius G E, describe arc E F, com^ 
pleting the figure. 

Note. — The length of the figure may be increased or 
diminished by increasing or diminishing the radii A D 
and B C, and by placing tfie point G higher or lower on 
the transverse diameter. 



Fig. 61. 

To describe a Spiral Curve, the greatest diameter A B 
being givefi. 

Bisect line A B in G. 

Divide B C into four equal parts. 

Upon the first part below C describe a circle equal 
in diameter to the part, this will be the eye of the 
spiral. 
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Then, as in the larger figare D, 

Inscribe a square, and draw its central diameters, 
1—3, 2—4. 

Divide each diameter into six equal parts. 

Number them as in the figure — their extremities, 
commencing at the top left, being 1, 2, 8, 4 — the first 
divisions on each 5, 6, 7, 8 — the second 9, 10, 11, 12. 
From 1, with radius 1 A, describe an arc. 
From 1 draw a line through 2, and produce it to cut 
the arc last drawn in a. 

Prom 2, with radius 2 «, describe an arc, termi- 
nating it by a line drawn from 2 through 3, and pro- 
ceed thus, describing arcs from each point in the eye 
imtil the spiral is complete, always terminating the arcs, 
as in arc 2, by drawing a line from their centres through 
the point next in advance. 
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ELEMENTARY PROBLEMS OF 
SECTION IL 



Fig. 62. 

To bisect a given Angle A. 

From the angular point A^ with any radius^ describe 
an arc cutting the sides of the angle in a and b. 
From a and b describe arcs cutting in c. 
Draw line A c, and the angle is bisected. 



Fig. 63. 
To trisect a Right Angle A. 

From the angular point A^ with any radius^ describe 
an arc cutting the sides of the angle in a and b. 

From a and i; with the same radius^ cut off the 
arcs c and d. 

Draw lines c A and d A and the right angle will be 
trisected. 
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Fig. 64. 

To find the centre of any Triangle A B C^ vt?. a point 
equidistant from all its sides. 

Bisect any two of its angles^ as A C, by Fig. 62. 

Draw the bisecting lines until they cut. 

The point of intersection^ D^ will be the centre. 



Fig. 65. 

To find the Centre of any Circle A. 

Draw any chord, B C. 
Bisect it in D. 

Draw a line through D perpendicular to B C, its 
extremities touching the circumference ; it is a diameter. 
Bisect it, and the centre is found* 



Fig. 66. 
To find the Centre and Axes or TVansverse and Conjugate 

Diameters of an Ellipse, the circumference A being 

given* 

Draw any two parallel chords, A B and D E. 

Bisect them in a and b. 

Draw a line F 6 through a b, its extremities touch- 
ing the circumference ; it is a diameter. 

Bisect the diameter in C. 

C is the centre. 
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From C^ with any radius^ describe arcs cutting 
the circumference in c, d, and e. 

Dravir lines c d and d e. 

Draw^ through C^ lines H and I, parallel to lines 
e d and d e. 

H and I will be the axes^ or transverse and conju- 
gate diameters sought. 



Fig. 67. 
To describe a Circle or an Arc passing through any three 

given points^ k, H, C^ such points not lying in a 

straight line. 

Join j)oints A B and C by right lines. 

Bisect lines A B and B C. 

Erect perpendiculars at their bisections; they will 
intersect each other in D. 

D will be the centre^ and D A the radius of an arc 
or circle passing through the given points. 



Fig. 68. 



To draw a Tangent to a Circle at a given point of 
contact A. 

Draw a radius A H to the given point of contact. 
' At A draw a line C D perpendicular to A H by 
Fig. 3. 

C D will be the tangent required. 
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Fig. 69. 

To draw a Tangent to a Circle from a given point A 
lying without the circumference. 

Draw a line from the given point A to the centre 
of the circle C. 

Bisect line A C in B. 

From B, with radius B A, describe a semicircle, 
cutting the given circle in D. 

Draw line A D and produce it ; it is the required 
tangent drawn from the given point. 



Fig. 70. 

To draw a Tangent to any point of contact A, in the arc 
of a circle A B, when the centre cannot be obtained 
or used. 

Draw the chord, A B. 

Bisect it in C. 

Erect C D perpendicular to A B. 

Draw line D A. 

Make angle DAE equal angle D A C. 

Produce the line E A ; it is the tangent required. 



Fig. 71. 

To draw a Tangent to an Ellipse at a given point of 
contact A. 

Draw the transverse axis by Fig. 66, and obtain 
the focii a i of the ellipse by Fig. 57. 



\ 
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From a and b draw lines a A and b A through the 
given point of contact, producing one of them, as a A 
to (?• 

Bisect the external angle c A. i in B. 
Draw line B A and produce it ; it is. the tangent re- 
quired drawn through the given point. 



Fig. 72. 

To draw a Line perpendicular to the curve of an Ellipse 

from a given point A. 

Draw the transverse axis, and obtain the focii as 
in the last figure. 

Draw lines from the focii through the given point A, 
producing them both, making angle a A i. 

Bisect angle a A J by line B A ; it will be perpen- 
dicular to the curve. 

By this process the joints of masonry for elliptic 
arches may be obtained. 
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CONSTRUCTIVE PROBLEMS OF 
• SECTION 11. 



Fig. 78, 

To construct a Triangle having a Perimeter {or measure 
about) equal to a given line A B, and angles equal to 
those of a given triangle C. 

On the given line A B construct a triangle A B D, 
having angles equal to those of the given triangle C. 

Find its centre E by Fig. 65. 

From E draw lines parallel to the sides of the tri- 
angle B D and A D^ cutting the line A B in F and G 

Triangle E F G will have a perimeter equal to the 
given line A B^ and angles equal to those of the given 
triangle C. 



Fig. 74. 



To inscribe or describe any similar Triangle, having a 
given side A B or F G^ within or about and equi- 
distant from the sides of the given triangle C D E. 

Bisect the angles of the triangle by lines C F^ D F^ 
and E F. 
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Set off on line C D the given side A B as C a. 

Draw a line a b parallel to the line C F, cutting 
the bisecting line D F in i. 

From b draw lines parallel to the sides of the 
triangle, intersecting the bisecting lines JG F and D F 
in c and e. 

If the triangle be required to be described about 
the given triangle having a side equal to the line F G, 

Produce D E to 6, making D 6 equal to F G. 

Bisect the angles as before^ and produce their bi- 
secting lines without the triangle. 

From G draw a line parallel to the bisecting line 
D F, cutting the produced line F E in /. 

From / draw lines parallel to the sides of the triangle 
as before. 

The side of the triangle fg wiU, in this case, be 
equal to the line F G : if the side parallel to C E were 
required to be equal to the given line F G, then the 
line C E must have been produced equal to line F G, 
and from its extremity a line drawn parallel to C F, 
and so of the other side. 



Fig. 75. 

^To inscribe a Square within any Triangle, ABC. 

From the vertical angle B draw a line B D, perpen- 
dicular to the base A C; this. is the altitude or vertical 
height of the triangle. 
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From B draw a line E, parallel to the base A C, and 
equal to the line B J), the alMtude. 

Draw from the angle opposite to E, as angle C, a 
line C E^ cutting the side of the triangle A B in F. 

From F draw a line F 6^ perpendicular to the base 
AB. 

Draw line F H parallel to A B, cutting the side 
B C in H. 

Draw line H I parallel to F 6, and the square will 
be complete. 

Note. — The side of the square may be coincident with 
any side of the triangle, if neither of the angles at the 
extremity of such side is greater than a right angle. 



Fig. 76. 

To inscribe an Oblong in any Triangle, as D^Y, such 
oblong having a side equal to a given line A B, not 
greater than the longest side of the triangle. 

Set off D C on the base of the triangle equal to line 
AB. 

From C draw a line parallel to side D TSi, cutting 
side E F in K. 

From K draw a line perpendicular to the base, and 
another parallel to the base, cutting sides D E and D F 
in. H and I. 

From U draw a line perpendicular to the b99e, to 
complete the oblong. 
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FlQ. 77, 

To inscribe a Circle within any Triangle. 

Find the centre^ C, by Fig. 65. 

From C draw a line C J), perpendicular to any side 
of the triangle ; it will be the radius of the circle to be 
inscribed. 



Fig. 78. 
To describe a Circle about any Triangle, 

Bisect any two sides of the triangle. 

From the points of bisection A B draw lines per- 
pendicular to those sides^ produce them until they cut. 

Their point of intersection, C, will be the centre, and 
a line drawn from such point to any angle of the 
triangle, as C D, the radius of the circle. 

This figure is, in fact, only another application of 
Fig. 68, the three angles of the triangle being similar 
to the three points there given. 



Fig. 79. 

To inscribe an Equilateral Triangle in a Square. 

Trisect angle A B C in a and b by Fig. 63. 
Bisect angles A B a and i B C in D and E. 
Draw lines D B, D E, and E B^ to complete the 
triangle. 
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Fig. 80. 

To inscribe an Isoskeles Triangle in a Square, such triangle 
to have a base equal to a given line A B^ not greater 
than the diagonal of the square. 

Draw a diagonal^ C D. 

From C, with half line A B as radius, cut C D 
inG. 

Draw a line through 6, perpendicular to C D, cut- 
ting the sides of the square in E and F. 

Draw lines E C and C F to complete the triangle. 



Fig. 81. 



To describe an Equilateral Triangle about a Square, 
ABCD. 

From C and D, with the side of the square as 
radius, describe arcs A E and B F, cutting each other 
inG. 

From G, with the same radius, cut arcs A E and 
B F in E and F. 

Draw lines E D and F C, and produce them 
to H. 

Produce the base A B until it cuts lines D E and 
C F in I and K. 

H I K will be an equilateral triangle. 
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Fig. 82. 

To inscribe or describe a Square, having a side eqiial to a 
given line A B, within or about, and equidistant from, 
the sides of a given square. 

This figure is another application of Fig. 75. 

Draw the diagonals G D and E F. 

Make F G equal line A B. 

From 6 draw a line G H, parallel to F E. 

Draw a line from H parallel to D F^ and complete the 
figure as in 75. 

If the side be greater than the given side, proceed 
as in Fig. 75. 



Fig. 88. 



To inscribe or describe a Circle within or about a given 
Square, 

Draw the two diagonals of the square, intersecting 
each other in C. 

From G draw a line perpendicular to any side, as 
CA. 

C will be the centre, and line C A the radius of the 
circle to be inscribed, 

C will be the centre, and half the diagonal, as C B, 
the radius of the circle to be iescrihed about the given 
square. 
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FlO. 84. 

To inscribe a Square in any Equilateral Four-sided Figure. 

Draw the two diagonals of the given figure A B^ D E^ 
intersecting at C. 

Bisect any two adjacent angles^ as A C E and B C E. 

Produce their bisections, cutting the sides of the 
given figure in P, G, H, I. 

Draw lines P, G, H, I, to complete the figure. 



Pm. 85. 

To inscribe a Rhombus in any Parallelogram, whether 
right or oblique-angled. 

Draw the diagonals and bisect the angles as before^ 
but if it is required that the angle of the inscribed figure 
should touch any particular point of the given figure, 
as. G, then (instead of bisecting the angles) from G draw 
a right line through the centre C, and another perpen- 
dicular to it, ftlso through C ; the extremities of those 
lines will give the points F, 6, H, I. 



Pig. 86. 

To inscribe a Square in any Trapezium having adjacent 
pairs of sides equal. 

Draw the diagonals of the trapezium A B and C D. 
Divide either of the sides of the trapezium, as A G, 
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I 

proportionally to the two diagonals^ by Fig. 16 ; that is, 
draw a line equal to A B, as E F. 

Produce it, making F G equal to C D. 

Place H I equal to A C parallel to E G. 

Construct the triangle E K G. 

Draw a line from F to K, cutting line H I in L. 

From C, with radius I L, cut line A C in M. 

Draw M N parallel to A B, and upon the line 
M N construct the required square. 



Pig. 87. 

To inscribe a Circle in any Equilateral Four^sided Fiffure, 
ABDE. 

Bisect any two adjacent angles, as A and B ; their 
bisections will cut in G. 

From C draw a line perpendicular to any aide of 
the given figure, as G F. 

C will be the centre, and C F the radius, of the 
circle to be inscribed. 



Pig. 88. 

To inscribe a Circle in any Trapezium, A B D £» having 
adjacent sides equal. 

The description and letters of the last figure apply 
also to this. 



54 practical geometry. 

Fig. 89. 

To inscribe or describe an Equilateral Triangle within or 
about a given Circle, 

Draw a diameter of the circle, A B. 

From A, with the radius of the circle, cut its cir- 
cumference in G and D. 

Draw lines C B, CD, and B D, for the inscribed 
triangle. 

From B, C, and D, with line B C as radius, describe 
area cutting in E, F, and G. 

Draw lines £ F, £ G, and F G, for the described 
triangle. 



Fig. 90. 

lo inscribe any Triangle in a Circle ^ such triangle to 
have angles equal to those of a given triangle ABC. 

Draw a tangent, D £, to the circle. 

At its point of contact, F, make angle D F G equal 
angle A. 

Make angle £ F H equal angle C. 

The sides of the angles F G and F H cutting the 
circumference in 6 and H. 

Draw line G H, and F G H will be the inscribed 
triangle, having its angles equal to those of the given 
triangle. 
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Pig. 91. 

To describe any Triangle about a Circle^ mch triangle to 
have angles equal to those of a given triangle ABC. 

Produce th^ base of the given triangle, as a b. 

Draw any radius, D E, of the circle, and another 
D P, making angle E D P equal to the external angle 
of the triangle a AC. 

Draw another radius, D G, making angle E D G 
equal to the external angle bBC 

At the extremities of the radii E P G draw tangents, 
cutting in H I K. 

The triangle H I K will be described about the 
given circle, and its angles will be equal to those of the 
givien triangle. 



Pig. 92. 
To inscribe or describe a Sqiuire in or about a Circle. 

Draw two diameters, A B and C D, perpendicular to 
each other. 

Join their extremities by lines A C, C B, B D, and 
A D, for the inscribed square. 

Prom A, B, C, and D, with the radhis of the circle, 
describe arcs cutting in E, P, G, and H. 

Draw lines E P, E 6, F H, and 6 H, for the de- 
scribed square. 
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Pig. 98. 

To describe a Circle touching two given Circles A and TS, 
and one of them in a given point C. 

Draw a right line, AB, connecting the centres of 
the given circles. 

Draw from C, the proposed point of contact, a radius,. 
CB. 

In the second circle draw a jradins, A D, parallel to 
radius G B. 

Draw line C D, producing it if necessary to a point 
opposite to C, as E. 

Draw lines C B and E A, producing them until 
they cut in F. 

F C will be the radius of the circumscribing circle. 

Note. — This problem will apply in all cases, whether 
the circles be equal or unequal, in contact, intersecting, 
inscribed, or separated, except when the line C D is a 
tangent to both circles. 



Fio. 94. 

To divide a Circle into any given ntanber of proportional 
parts by concentric divisions. 

When the parts are required to have a progressional 
proportion, as 1, 2, 3, 4, &c., to each other, draw a 
radius, A B, of the given circle, and divide it into as 
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many equal parts as are required divisions in the circle^ 
as 4. • 

Upon the radius A B^ with its half as radius^ de- 
scribe a semicircle, A C B. 

Erect perpendiculars upon the radius at the sub- 
divisions 1, 2, 3, 4, cutting -the semicircle, A C B, in 
6C6. 

From A as centre, and with A 6, A C, and A 5, as 
radii, describe circles. 

The circle A 6 will be one-fourth ; A C one-half; 
A 5 three-fourths of the original circle. 

Note. — ^The number of parts admit of any extension, 
and, if required, may be imequal. 



Fio. 95. 



To divide a Circle into any number of parts equal to each 
other in area and perimeter. 

Draw a diameter, A B. 

Divide it into as many equal parts as are required 
divisions of the circle, as 1, 3, 8. 

Upon A 1, with its half as radius, describe a semi- 
circle. 

Bepeat the same upon A 2. 

Then repeat the prcflsess upon the other side of 
the diameter, commencing at B, and complete the 
figure. 
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Fig. 96. 

To inscribe three equal Circles in an Equilateral Triangle, 

A B Gj each circle touching two of its sides. 

Bisect line A C in D^ and draw line D B. 

Bisect angle D C B and angle C D B by lines 
catting each other in c. 

Draw lines c d, c e, and d e, parallel to lines A C, 
A B^ and B C^ making an inscribed triangle^ c d e. 

From points c d and e, with the half of line c rf as 
radius, describe circles as required. 



Fig. 97. 

To inscribe three equal Circles in an Equilateral Triangle, 
A B C^ each circle touching only one of its sides. 

Bisect the three sides^ and draw lines B 1^ G 2^ and 
A 8 ; they will cut in D. 

Bisect angle D A 1^ and produce the bisecting line 
to cut line D 1 in a. 

From D as centre^ with D a as radius^ cut lines 2 
and 3 in & and c; a, b, and c will be the centres, and 
a 1 the radius of the three required circles. 

By drawing through a a line parallel to 'line A G, 
cutting lines A 3 and G 2 in ^ and e, and from, d and 
e drawing other lines parallel to lines A B and B G^ 
the centres of three other tdrcles equal to the first 
three may be obtained^ and thus six circles inscribed in 
any equilateral triangle. 
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Fig. 98. 

To inscribe four equal Circles in a Square, A B C D, 
each circle touching two of its sides. 

Draw the diagonals A D and B C, intersecting at e. 

Draw diameters a b and d eat c. 

Draw the diagonals ad, d b, be, and a e, of the 
four small squares into which the figure is divided. 

Their points of intersections with the first diagonals 
A D, and B C, will be the centres, and the line fg the 
radius of the four required circles. 



Fig. 99. 
To inscribe three equal Circles in a Circle, 

Inscribe an equilateral triangle, ABC. 

Bisect the angles of the triangle by lines cutting its 
sides in a, b, c. 

Join a b and b c, cutting A c and G a in D and E. 

Draw line D E, and produce it cutting A B in F. 

Prom A as centre, with radius A F, describe arc 
FG. 

Bisect angle G A F, cutting arc F G in rf. 

Draw line F d, producing it to cut line A D in «. 

e A is the radius of the required circles. 

Set off from B and C, on the lines B h and C a, 
the radius e k, and describe the required circles. 
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Fig. 100. 
To inscribe four equal Circles in a given Cirele, 

Draw the circumscribing square^ A B G D. 

Draw its diagonals^ A D and fi C. 

Draw two diameters^ E F and G H^ parallel to its 
sides ; all catting in a. 

The figure being now divided into four equal 
isoskeles triangles^ bisect any angle of one^ as a B G. 

Produce the bisecting line, cutting line H 6 in 6. 

From a as centre, with a i as radius, cut the 
diameters in c, d, and e. 

bj c, d, and e will be the centres, and line b 6 the 
radius of the four required circles. 

Note, — ^By this figure four circles may be inscribed 
in a square, each circle tt>uching only one of its sides. 



Fig. 101. 
To inscribe five equal Circles in a given Circle. 

Divide the circumference, as for the inscription of a 
pentagon, into five equal parts. 

From the centre C draw Unes through two divisions, 
as 8 and 4, and produce them. 

Bisect angle 3 C 4, and draw line A C, touching 
the periphery of the given circle in A. 

At A, draw a tangent to the circle, cutting lines 3 
and 4, and completing the triangle BCD. 
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Inscribe a circle in this triangle by Fig. IT, having 
its centre at c. 

From C^ with C c as radius, inscribe a circle D, 
cutting lines B C and C D in a and i. 

From c, with the line a & as radius, cut the peri- 
phery of circle D in points rf, 7, 8, D. 

Upon those points, with radius c A, describe the 
circles to complete the figure. 



Fig, 102. 



To describe about a Circle six other Circles, each equal 
to the given circle, touching each other and the given 
circle. 

From the centre of the given circle C, with its 
diameter as radius, describe a circle A. 

With its radius cut its circumference in 1, 3, 3, 4, 
6, and 6. 

Upon those points, with the radius of the given 
circle, describe the six required circles. 

Note. — ^By this figure six or seven equal circles may 
be inscribed in a given circle. 

Let the outer circle, B D, be the given circle. 

Draw any radius, C D. 

Divide line C D into three equal parts, a, J, D. 

From C as centre, with C a as radius, describe a 
circle. 

From C, with C 6 as radios, describe a circle, and 
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with its radius cut its circumference in l^ 2, 8, 4iy 5, 
and 6. 

Upon each point, with a i as radius, describe the 
six required circles. 



Fig. 103. 
To inscribe within a given Equilateral Triangle, D E F, 

three equal Semicircles, having their diameters ad- 
jacent. 

Bisect the sides by lines A D, B E, and C F. 

Inscribe the triangle, ABC, within the given 
triangle. 

Upon A B describe a semicircle, a b, touching the 
sides of the triangle F E and F D. 

From a and b, draw lines parallel to the sides of 
the triangle F D and F E, intersecting lines A D and 
B E in 1 and 2. 

Draw line 1, 2, and construct upon it an equilateral 
triangle ; its sides will be the adjacent diameters of the 
required semicircles. 



Fig. 104. 

To inscribe within a given Circle three equal Semicircles, 
having their diameters adjacent. 

Draw a diameter, A B, 

Draw a radius, C D, perpendicular to A B. 
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Trisect angle A C D in F and E. 

Make D G equal D F. 

Draw diameters from F and O. 

Draw line E G, cutting line F in H. 

Draw H I perpendicular to line A B. 

Construct upon H I an equilateral triangle^ its sides 
will be the adjacent diameters of the required semi- 
circles. 



Fig. 105. 



To inscribe within a given Square four equal Semicircks, 
having their diameters adjacent and their arcs touch- 
ing two sides of the given square. 

Draw the diagonals^ B and C. 
- Draw two central diameters perpendicular to each 
other. 

Bisect A B in E. 

Mate C F equal A E. 

Draw line F E, cutting diameter A in G. 

Set off A G from the extremity of each diameter^ as 
at///. 

Join Gfff and the lines so drawn will be the ad- 
jacent diameters of the required semicircles. 

Note. — Four semicircles^ their arcs touching one 
side of the given square^ may be inscribed by Fig. 98, 
making g the centre and y/ the radius. 
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ELEMENTARY AXIOMS AND FIGURES 
OF SECTION IIL 



Fio, 106, 

The measurement of plane Bnifaces, or the super- 
ficial area of figures^ is obtained by multiplying to- 
gether two of their dimensions. If a figure has more 
than two different dimensions^ as a Trapezium^ then 
such figure is divided into triangles^ the areas of sueh 
triangles founds and by their addition the sum of the 
area of the whole figure obtained.. Suppose Fig. 106 
to represent an oblong having a base, A B, four inches 
in length, and an altitude, A C, two inches in height ; 
four inches and two inches are the dimensions of the 
two lines which bound its area or surface : therefore, 
multiply four inches by two inches, the quotient, eight 
square inches, will be the surface measurement of the 
oblong. 

But this multiplication of the two sides^ A B and 
A C, together, can apply only to figures whose angles are 
right angles, and the side, therefore, equal to the alti- 
tude, and whose opposite sides are equal. 
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Fig. 107. 

All ParalklogramSy whether right or oblique-angled^ having 
equal bases and equal altitudeSy have equal areas. 

A B C D, Fig. 107, is a right-angled parallelogram, 
divided into four equal squares. 

B G D E is an oblique-angled parallelogram. 

Its base, C D, equal to the base of the right-angled 
parallelogram A B G D! 

Its altitude, D B, equal to the altitude of the right- 
angled parallelogram. 

By superposition, G D B is common to both paral- 
lelograms; 

G A B is equal to D B £ ; therefore parallelogram 
A B G D is equal to parallelogram B G D E ; 

Therefore, the superficial areas of all parallelograms 
are obtained by multiplying together their base and 
altitude. 

All parallelograms having equal altitudes^ have to 
each other the same ratios that their bases have. 

Parallelogram, A G 1, 1, Fig. 107, has the same 
altitude as parallelogram A B C D. 

Its base is one half of the base of the parallelogram 
ABGD. 

The area of A B G D is four, the area of A C 1, 1, 
is two. 

Note. — The multipUcation of half the base by the 
whole altitude, and the multiplication of the whole base 
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hy half the altitude , prodace the same results. Therefore, 
all parallelograms having equal bases have to each other 
the some ratios that their altitudes have. 



Pig. 108. 



All Triangles are equal to Parallelograms of equal alti- 
tudes and half the base, of of equal base and half 
the altitude. 

ABC, Fig. 108, is a triangle. A B D E a paral- 
lelogram having a base, A B, equal to the base of the 
triangle; an altitude, C F, equal to the altitude of the 
triangle. 

By superposition A D C is equal to A F C ; 

BECequaltoBFC; 

Therefore, in the parallelogram A B D E there are 
the triangles A B C, A D C, and B E C. 

But ADC and B E C are together equal to 
ABC. 

The area of the triangle ABC will, therefore, be 
half the area of the parallelogram A B D E. 

Triangle A B 6 has the same base and altitude as 
triangle ABC. 

The parallelogram A B E 6 is composed of triangle 
AEG and triangle A B G : each, by superposition, is 
equal to the other ; 

The area of the triangle A B G will be half th^ area 
of parallelogram A B E G ; 
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But parallelogram A B E G, having the same base 
and altitude as parallelogram A B D E, is equal to it : 

Therefore, triangle A B G is equal to triangle 
ABC; each being equal to the half of parallelogram 
A B D E. 

Therefore triangles having equal bases and equal 
altitudes have equal areas. 

The superficial areas of all triangles are obtained by 
multiplying together their base and Aa^ their altitude 
their altitude and Aa(^ their base. 



Fig. 109. 



All Triangles having equal altitudes, have to each other 
the same ratios that their bases have ; or, having equal 
bases, the same ratios that their altitudes have. 

Triangle ABC, Fig. 109, has the same altitude as 
triangle A C D. 

The base A B is half the base A D. 

By superposition triangle A B C is half the triangle 
ADC. 

The altitude of A B C is equal to the altitude of 
ADC, 

The base of A B C is half the base of A D C. 

Therefore the area of A B C is half the area of A D C. 

Triangle A E D has the same base as triangle 
A CD. 

The altitude B E is half the altitude B C. 
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The triangle A D E is common to triangle ADC. 

By supei^osition triangle A F E is equal to triangle 
A HE. 

Triangle F C E is equal to triangle H E B ; 

Triangle D E G equal to D E I ; 

Triangle G E C equal to B I E : 

Therefore, the area of triangle A E D is half the 
area of triangle ADC. 

Their bases being equal, and their altitudes in the 
ratio of the half to the whole. 



Within a very minute degree ot precise accuracy,* 
the circumference of a circle is equal to three times 
and one-seventh of its diameter. If the diameter be 
three inches and a half, its circumference will be eleven 
inches. 

Fig. 110. 

The Area of a Circle is equal to a Parallelogram, two 
of the sides of which are equal to half the circum- 
ference, and the other two to the radius of the circle, 
or the whole circumference and half the radius. 

Circle A, Fig. 110, is divided into thirty-two equal 
parts or triangles, the radii of the circle forming their 
sides. 

Sixteen of those parts or angles are opened out 

* The error is about ^ViT l>&rt of the circumference. 
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at B, making line B C equal to the half^ of the cir- 
cumference of the circle A. The remaining sixteen, 
from 17 to 33 inclusive, will fit into the triangles on 
the line B C ; the bases of triangles 17 to 32 being 
coincident with the vertices of triangles 1 to 16, and 
making a parallelogram equal in area to the circle. 

The parallelogram B C, 17, 32, would be equal 
to a triangle having line B C for its base, and having 
twice the altitude of the parallelogram, which is the 
radius of the circle for its altitude. 

Therefore a circle is equal to a triangle having half 
its circumference for base and its diameter for alti- 
tude ; 

Or its whole circumference for base and its radius 
for altitude. 

Or to a parallelogram having half its circumference 
for base and its radius for altitude; 

Its whole circumference for base and half its radius 
for altitude ; 

Or its diameter" f(yr base and one-fourth of its cir- 
cumference fo7' altitude. 



Fig. 111. 



A Triangle having its base and altitude equal to. 
the side of a square, and a Circle inscribed in that 
square, are to each other in the ratios of two, three, 
and four; that is, the Triangle will have one-half, 
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and the Circle three -fourths of the area of the 
square. 

The circumferences of circles have to each other the 
same ratios that their diameters have. Thus, if the 
diameter of a circle be 3^ inches, its circumference 
will be 11 inches. 

If the diameter of another be 7, (twice 3^), its 
circumference will be 22, (twice 11); but the area 
of the first circle will be 9^ 2' 3''; the area of the 
second 3&^ 9' 0", thirty-six inches and nine-twelfths 
of an inch,/oMr times the area of the first circle. 

The diameter of the second circle is twice the 
diameter of the first; the area of the second four times 
the area of the first ; and as four is the square of two, 
the areas of circles have the same ratios to each other 
as the squares of their diameters. 

Thus, if the diameters of a series of circles are 
as 1, 2, 3, 4, 5, 6, &c., the circumferences of the second, 
third, fourth, fifth, and sixth will be respectively twice, 
three, four, five, and six times the circumference of the 
first. 

The areas of the circles being — 

Of the second, four ; 

Of the third, nine ; 

Of the fourth, sixteen ; 

Of the fifth, twenty-five ; 

And of the sixth, thirty-six times the area of the 
first. Those numbers being the squares of 2, 3, 4, 
5, and 6. 
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Fig. 112. 

To draw a Right Line equal to half the circumference of 
a given Circle, 

Draw a diameter, A B. 

Draw line A C perpendicular to line A B, and 
equal to three times the radius of the circle. 

Draw a line at B perpendicular to A B. 

With the radius of the circle cut oflf arc B D. 

Bisect arc B D. 

Draw a line from the centre of the circle through 
the bisection, cutting line B in E. 

Join EC. ^ 

Line E C will be equal to half the circumference of 
the given circle. 



Fig. 113. 

Two Right LineSy A B and C D, being given^ to find 
a mean proportional line. 

Produce line A B, making B E equal line C D. 

Bisect line A E in F. 

From F, with radius F A, describe a semicircle on 
line A E. 

At B, the point of junction of the two given lines, 
erect a line perpendicular to A E, cutting the semi- 
circle in G. 

Line B G will be a mean proportional to lines A B 
and C D. 



72 PRACTICAL GEOMETRY. 

Line B G being in the same proportion greater 
than line C D, that it is less than line A B. 

If line A B were four inches in length, and line 
C D one inch, then B G would be two inches in length. 



Fig. 114. 

Two right lines, A B and C D, being given, to find a third 
line proportional to them, when the required line is 
LESS than either of the given lines. 

Make line E F equal to the given line A B. 

Braw line E G, making any angle with line E F, 
equal to line C D. 

Draw line F G. 

From E, with radius E G, cut line E F in H. 

Draw line H parallel to line F G, cutting line E G 
in I. 

Line E I will be the third proportional line re- 
quired, less than either of the given lines. 

If lines E I and E G are the given lines, and a third 
line proportional to them and greater than either is re- 
quired, 

Draw line E G. 

Cut off upon it line E I. 

From E, with radius E G, describe an arc, G H. 

From I draw a line cutting the arc in any point, 
as H. 

Draw a line from E through H, and produce it. 
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Draw a line from G parallel to line I H, cutting the 
line drawn from B through H in F. 

Line E F will be the third proportional line re- 
quired, greater than either of the given lines. 

Note. — This is, in fact , merely a reversal of the 
process. 



Fig. 115. 



Three Right Lines, A B, C D, and E F, being given, 
to find a fourth line proportional to them. 

Make line G H equal the given line A B. Draw 
line G I, equal to line C D, making any angle with 
line G H. 

Draw line H I. 

From G cut off line E F on line G H, making G K 
equal line E F. 

From K draw a line parallel to hue H I, cutting 
Une G I in L. 

Line G L will be the fourth proportional line 
required. 

IfGI, G K, and G L are the given lines, and a 
fourth proportional to them greater than either is re- 
quired, 

From G draw a line making any angle with line G I. 

Cut off upon it line G K. 

Upon G I cut off G L. 

Draw liae K L. 
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From I draw a line paraDel to line K L, cutting the 
produced line G K in H. 

Line G H will be the fourth proportional, greater 
than the given lines. 



Fig. 116. 

To divide a right lincy A B, into extreme and mean 
proportion. 

Erect a perpendicular at A, making line A C equal 
Aa//AB. 

Draw line B C. 

From C, with radius C A, describe an arc, cutting 
line B C in D. 

From B, with radius B D, describe an arc, cutting 
line A B in E. 

Line E A is the extreme, and hue B E the mean, 
proportional of line A B. 

That is, A E has the same ratio to B E, that B E 
has to the whole hne A B. 



Fig. 117. 
To divide a right line A B successively into its ^, its ^, 
its \y its J, ^c. ^c. 
Upon A B construct any parallelogram, either right 
or oblique-angled, as A B C D. 

Draw diagonals C B and A D, intersecting in 2. 



FLANS OEOMETBICAL FIOITBES. 75 

Draw line 2 parallel to A C, cutting A B in ^. 

Draw line D ^, cutting B C in 3 ; draw line 3 
parallel to A G, cutting A B in -J. 

Draw line D i, cutting line B C in 4 ; draw line 4 
parallel to A C, cutting A B in -J^, &c. &c. 

The divisions thus obtained are the J, the J, the J> 
the J, &c., of the whole line A B. 



It has been shown that, — All Parallelograms having 
equal bases and equal altitudes have equal areas : 

Therefore, any square may be converted into a 
rhombus, or any oblong into a rhomboid of equal 
area, by the base of the square on oblong being made 
the base of the rhombus or rhomboid, and the altitude 
of tne square or oblong the altitude of the rhombus or 
rhomboid. 

That, — All Triangles having equal bases and equal 
altitudes have equal areas : 

Therefore, triangles may be converted into other 
triangles (as an equilateral into a scalene, or a scalene 
into an isoskeles), of equal area, by the base and 
altitude of the given triangle being made the base and 
altitude of the required triangle. 

That, — All Triangles are equal to Parallelograms of 
equal altitude and half the base, 8fc. : 
Therefore, any triangle may be converted into a 
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parallelogram of equal area^ the base of the triangle 
being made the base of the parallelogram^ and half the 
altitude of the triangle being made the altitude of the 
parallelogram^ &c. Or any parallelogram may be con- 
verted into a triangle of equal area ; the base of the 
parallelogram being made the base of the triangle^ and 
twice the altitude of the parallelogram the altitude of 
the triangle^ &c 

That, — Circles have areas equal to Parallelograms formed 
by two sides, each equal to half their circumferences, 
and the remaining two, each equal to their radii, or 
equal to Triangles formed by half the circumference as 
base, and the diameter as altitude : 

Therefore, any circle may be converted into a 
parallelogram or triangle of equal area. 
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CONSTRUCTIVE PROBLEMS OF 
SECTION III. 



Fig. 118. 

To construct a Triangle equal to a given Trapezium, 
ABCD. 

Produce the base 'of the given trapezium^ B A, in 
the direction of E. 

Draw a diagonal^ A D. 

From C (the angle opposite the diagonal)^ draw a 
line parallel to the diagonal^ and cutting the produced 
base in E. 

Draw line E D. 

The triangle E D B is equal in area to the given 
trapezium. 

Therefore, a trapezium may be converted into a 
parallelogram, by making Aa(f the base of the obtained 
triangle and its altitude the base and altitude of the 
parallelogram. 
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Fig. 119. 

The same method may he applied to change any given 
Rectilineal Figure, regular or irregular, into another 
figure, equal in area, but one side less, 

ABCDEFisa regular hexagon. 

Draw a line A B from the alternate angles A and E. 

Produce the base A B^ in both directions. 

Draw a line from F parallel to line A E^ cutting the 
produced base in G. 

Draw line G E. 

G B C D E «5 an irregular pentagon, eqttal in area to 
the regular hexagon, A B C D E F. 

Draw line BD. 

Draw a hne from C, parallel to B D, cutting the 
produced base in H. Join D H and a trapezoid^ 
G E D H, is obtained, equal in area to the regular 
hexagon and the irregular pentagon. 

Draw line E H from the alternate ^angles E and H. 

Produce the base G H. 

Draw from D a line parallel to line E H, cutting 
the produced base in I. 

Draw line E I. 

And G E I is a triangle equal in area to the hexagon, 
pentagon, and trapezoid. 

By this method any polygon may be transformed 
into a triangle having equal area. 

Therefore, any polygon may be transformed into 4 



FLANS GEOMETRICAL FIGURES. 79 

parallelogram, by makiDg half the base and the alti- 
tade of the obtained triangle the base and altitude of 
the parallelogram. 



Fig. 120. 



To construct a Triangle equal in area to any given 
regular Polygon, A B C D E F. 

Construct the elementary triangle of the polygon 
A B F ; that is, from its centre draw radii to the ex- 
tremities of one side, as A and B. 

Draw a right line, A B C D E A, equal to the whole 
perimeter of the polygon. 

Construct upon it a triangle A E F, equal to' the 
elementary triangle of the polygon. 

Five of such triangles constructed upon the line 
A B C D E A, would be the exact representatives of the 
triangles contained in the polygon. 

But it has been shown in Fig. 106, that — All 
triangles, having equal altitudes, have to each other the 
same ratio as their bases have. 

Therefore, draw line F A, making triangle A F A 
equal to the whole five triangles, of which this polygon 
is composed. 

Therefore, triangle A F A is equal in area to the 
given polygon, A B C D E. 
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Fig. 121. 

On a given base A B^ or with a given altitude, to construct 
a Triangle equal in area to a given Triangle, C D E. 

Draw line D F, the altitude of the given triangle. 

Find, by Fig. 115, a fourth line proportional to 

Line A B, the given base of the required triangle ; 

Line C E, the base of the given triangle ; and 

Line D F, the altitude of the given triangle. 

This fourth proportional line will be the altitude of 
the required triangle. 

As in Fig. 115, draw line B G equal to line C E, 
at any angle to A B. 

Draw line A G. 

Cut off B H, equal to line D F. 

Draw line H parallel to A G, cutting B G in I. 

Line B I will be the altitude, and A B the base of 
the required triangle, equal in area to the given triangle. 

That is, Triangle A F B is equal in area to Triangle 
CDE. 

If the altitude of the required triangle be given, 
find a fourth proportional to the base of the given 
triangle, its altitude, and the given altitude of the 
required triangle : such fourth proportional will be the 
base of the required triangle. 

But a triangle is equal to a parallelogram of equal 
altitude and half the base. Therefore, a triangle may 
be constructed on a given line, equal to a given parallel* 
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ogram^ by making first a triangle equal to the given 
parallelogram, and then constracting on the given line 
a triangle equal to the first triangle by the last figure. 
A triangle may be constructed equal in area to a 
trapezium, by Fig. 118. Therefore, a triangle may be 
constructed on a ffiven line equal to a given trapezium. 
A triangle may be constructed equal in area to any 
polygon, by Fig. 114 or 115. 

Therefore, a triangle may be constructed on a piven 
line equal to any given polygon. 

A circle is equal in area to a triangle, &c. There- 
fore, a triangle may be constructed on a ffiven line equal 
to a given circle. 



Fig. 122. 



To construct an Equilateral Triangle equal to a given 
Triangle, ABC, not Equilateral. 

Upon the side of the given triangle, A B, construct 
an equilateral triangle A B D. 

Produce line D B. 

Draw a line from C (the vertex of the given triangle) 
parallel to the side A B, and cutting the produced line 
D B in E. 

By Fig. 113 find a mean proportional line to lines 
D B and D E. That is, upon D E describe a semi- 
circle. 

At B, draw B F perpendicular to D E. 
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Line B F will be the mean proportional to lines 
D B and B E^ and will be the side of an equilateral 
triangle, equal in area to the given triangle, as triangle 
BGH, 

Therefore any parallelogram, trapezium, polygon or 
circle, may be converted into an Equilateral triangle 
having the, same area. 



Fm. 123. 



On a given line A B /o construct a Parallelogram equal 
to a given Parallelogram^ C D E F. 

Find by Fig. 115, or as in Fig. 121, a fourth 
proportional to the given line A B ; 

The base, C D, of the given parallelogram ; 

And the altitude, C E, of the given parallelogram : 

Such fourth proportional, as B G, will be the alti- 
tude of the required parallelogram. 

But a parallelogram is equal to a triaq^le of equal 
base, and twice the altitude of the parallelogram. 

Therefore, a parallelogram may be constructed on 
a given line equal in area to a given triangle, by 
making a parallelogram equal to the given triangle, 
and then constructing a parallelogram on the given 
line equal to the obtained parallelogram. 

Therefore, a parallelogram may be constructed on 
a given line equal in area to a square, a trapezium, 
a polygon, or a circle, by resolving those figures into 
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their equivalent triangles, the obtained triangles into 
equivalent parallelograms, and then constructing on the 
given lines parallelograms equal to the obtained paral- 
lelograms. 



Fig. 124. 



Another method to construct a Parallelogram on a given 
line A B, equal in area to a given Parallelogram^ 
CDEF. 

Produce the base of the given parallelogram C D to 
6, making C G equal to A B. 

Draw a line from G, cutting angle E of the given 
parallelogram, and produce it. 

Produce side D F of the given parallelogram, 
cutting the diagonal from G in H. 

Line F H will be the second side of the required 
parallelogram ; therefore the parallelogram, C I G K, 
constructed of the given line A B and the obtained line 
F H, will l^ equal in area to the given parallelogram 
CDEF. 



Fig. 125. 

To construct a Parallelogram upon a given line B E, 
proportionally to another given Parallelogram^ A B C D. 

Draw the diagonal B C. 
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At E draw a line E F parallel to the side of the 
given parallelogram B D^ cutting the diagonal in F. 

From F draw a line F G parallel to the base of the 
parallelogram A B. 

B E F G will be a parallelogram constructed on the 
given line B E, and proportional to the given paral- 
lelojgram. That is, the side E F will bear the same 
proportion to the side B D that the base B E bears to 
the base A B. 



Fig. 126. 



To construct a Square equal in area to a given Paral- 
leloffram, A B C D. 

Find by Fig. 113, or as in Fig. 122, a mean pro- 
portional to the base A B and the altitude A C of the 
given parallelogram. 

Such mean proportional, as A E, will be the side 
of the required square. 

But a parallelogram is equal to a triangle of the 
same base and twice the altitude. 

Therefore, a given triangle may be converted into 
a square having equal area, by making a parallelogram 
equal to the given triangle, and constructing a square 
equal to the obtained parallelogram. 

And all other figures, as trapezia, polygons, and 
circles, may be, by the same method, converted into 
squares. 
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Fig. 127. 

To construct a Parallelogram on a given line A B 
having equal area to a given Square, P. 

Find, by Fig. 114, a third proportionai to the given 
line A B and the side of the square P. Such third 
proportional will be the altitude of the required paral- 
lelogram. 

That is, as in Fig. 114, 

Draw line B C at any angle to line A B. 

Make line B C equal to one side of the square. 

Draw line A C joining the extremities of the two 
lines. 

From B, with B C as radius, describe arc C D, 
making B D equal to B C. 

Draw from D a line parallel to line AC, cutting 
BCinE. 

Line B E will be the required side of the parallelo- 
gram. 

That is, a parallelogram having line A B as base, 
and line B E as altitude, will be equal to the given 
square F. 



Fig. 128. 

To draw a Parallelogram equal to a given Triangle, 
A B C, in area and perimeter. 

From the vertex, B, draw a line, B D, perpendi- 
cular to the base, A C. 
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B D is the altitude of the triangle. 

Produce side A B^ making B E equal to B C. 
' The line AE is equal to the two sides AB and 
B C of the triangle. 

Bisect the base A C, as at F. 

Bisect the line AE^ as at G. 

Draw a line, as H, equal to half A C. 

Draw another line, as I, parallel to H, and at a 
distance from it, equal to line B D, the altitude of the 
triangle. 

From both extremities of line H, with the half of 
A E as radius, cut line I in 1 and 2. 

Draw lines from 1 and 2 to the adjacent extremities 
of line H, and a parallelogram will be obtained equal to 
the given triangle in area and perimeter. 



Fig. 129. 



To construct a Triangle^ Parallelogram, Circle, or re- 
gular Polygon, having any given proportion in area 
greater or less than a given Triangle, Parallelogram, 
Circle, or regular Polygon. 

Let the line A B represent the base or side of a 
triangle or parallelogram, or the diameter of a circle or 
polygon. 

Let the figure first proposed to be enlarged or 
diminished be a square, as D. 
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Let the required figure be proposed to be one-third 
of the given figure. 

Produce the line A B indefinitely. 

Take ^ of A B, and set it oflF from B as at ^. 

Bisect A -J^ as at C. 

From C, as centre, with C A as radius, describe a 
semicircle. 

At B erect a perpendicular, cutting the semicircle 
at X. 

B X will be the side of a square, having -^ the 
area of the given square, of which A B is the side, as 
square d. 

If the proposed figure be a triangle, as E, AB 
being its base. 

With the obtained line, B x, as base, construct a 
triangle having angles equal to those of the given 
triangle, as triangle e. 

If the proposed figure be an oblong, as F, A B 
being its base, ^ 

With the obtained line, B x, construct an oblong 
proportional to the given oblong, as/; or, having ob- 
tained a proportional base, B x, obtain a proportional 
side in a similar manner. 

If the proposed figure be a circle, as G, or a poly- 
gon, of which AB is the diameter. 

On the obtained line, B x, as diameter, describe a 
circle, as ff. 

It is proposed to construct or describe a &9ive, 
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having l-J- the area of the given figure represented by 
AB. 

From B set oflf 1^ A B, as at 1 and ^. 

Bisect A ^, and at the point of bisection^ with half 
A I, describe a semicircle. 

Erect a perpendicular at B, cutting the semicircle^ as 
at y. 

B y will be the side required, on which to construct, 
as given in detail with the first figure, a figure having 
1^ the area of a similar figure constructed on line A B. 

It is proposed to construct or describe a figure 
having twice the area of a given similar figure con- 
structed on A B. 

From B set off twice A B, as at 2. 

Bisect A 2, and describe, with the half of A 2, a 
semicircle as before. 

Erect the perpendicular again at B, produce it to 
cut the semicircle as at z. 

Bz wiU be side Required on which to construct, &c. 
&c., as before. 

It is proposed to construct a figure having 2f the 
area of a given similar figure constructed on A B. 

Set off from B twice A B, as at 2, and f of A B, as 
atf. 

Bisect A f- and proceed as before. 

Therefore the proportion desired has always to be 
added to B, as ^— 1^— 2— 2|. 

In this figure it is essential to remember that, — 
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If a semicircle were described from B, the perpen- 
dicular erected at B, and touching the semicircle^ 
would be equal to A B. Therefore, that 

All semicircles described upon diameters less than 
A 1 give, at B, perpendiculars less than A B. 

B J is the side of a figure which would commonly 
be said to be half as large again as a similar one 
on A B. But B y is the side of a figure really half as 
large again. 

B 2 would also be commonly said to give a figure 
twice as large as a similar figure on A B. But B ^ is 
the true side of a figure, having twice the area of the 
first figure. 

The centre of the semicircle, therefore, varies with 
the varying proportion required; but the point at which 
to erect the perpendicular never changes, it is always at 
the extremity of A 3. 



Fig. 130. 



To construct a Triangle equal in area to the areas of 
two or more dissimilar Triangles, as Triangles ABC 
and J). 

By Fig^ 121, change triangle D into an equal 
triangle, having its altitude equal to the altitude of 
triangle A B C, as E. 

Produce the base B A of triangle ABC, making 
B F equal to the base of triangle E. 
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Join C F. 

Triangle ACF is equal in area to the two given 
triangles. 

The number of the triangles may, of course, be in- 
creased at pleasure. 



To construct a Triangle equal in area to the difference 
in the area of two given unequal Triangles, B C F 
and J). 

Refer to the last Figure. 

Proceed^ as in the last figure^ to convert triangle D 
into an equal triangle^ having its altitude equal to that 
of triangle B C F. 

From F set oflf, within the triangle, the base of the 
obtained triangle, as at A. 

Triangle A B C is equal to the difference in the 
areas of triangles B C F and D. 

Note. — Fig. 130 is the addition of the base of the 
obtained triangle to that of the given triangle. 

Fig. 131 is the subtraction of the base of the 
obtained from that of the given triangle. 



Fig. 131. 

To construct a Triangle, Parallelogram, Circle, or re- 
gular Polygon, equal to two given similar Triangles, 
Parallelograms, Circles, or regular Polygons. 

Let A B and C D represent the bases of two similar 
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triangles^ the sides of two squares^ or the diameter of 
two circles or regular polygons. 

With lines A B and C D construct a right angle, 
as A B E. 

Join BE. 

The line B E will be the base of a triangle, the 
side ^ of a square, or the diameter of a circle, or regular 
polygon, equal in area to the two triangles, squares, 
circles, or polygons, constructed, or described, upon the 
two lines, A B and C D. 



Fig. 132. 

To construct a Triangle, Parallelogram, Circle, or 
regular Polygon, equal in area to the difference 
between two given similar Triangles, Parallelograms, 
Circles, or regular Polygons. 

Let A B and C D represent the bases of two 
similar triangles, the sides of two squares, or the 
diameters of two circles or regular polygons. 

At B erect a perpendicular to A B. 

From A, with G D as radius, describe an arc, 
cutting the perpendicular at B in E. 

The line B E will be the base of a similar triangle, 
the side of a square, or the diameter of a circle or 
regular polygon, equal in area to the diflference be- 
tween the areas of the triangles, squares, circles, or 
polygons constructed, or described upon the two lines 
A B and C D. 
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Fig. 183. 

To change any Rectilineal Figure, regular or irregular , 
into another equal Figure, having one side more. 

To commence with the triangle ABC, 

Assume a point, as H^ for one of the angles of the 
figure (four-sided) to be obtained. 

Draw B D. 

Draw a line from B parallel to, and lying in the 
same direction as, D C. 

Draw a line from C parallel to line B D, and 
cutting line B in E. 

Join D E. 

Figure A B E D will be equal to figure ABC. 

Assume a point F for one of the angles of the figure 
(five-sided) to be obtained. 

Draw B F. 

Draw a line from A parallel to B F. 

Draw E F. 

From B, draw a line parallel to line E F, cutting 
the line from A in G. 

Join G F. 

Figure G B E D F will be equal to figure ABED. 

Assume a point H for one of the angles of the 
figure (six-sided) to be obtained. 

Draw E H. 

Draw a line from D parallel to line E H. 

Draw B H. 
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Draw a line from E parallel to line B H^ cutting 
the line from D in I. 

Join I H. 

Figure G B E I H F, is equal to all the figures, 
five, four, and three-sided* 

Note. — The new angular point has in this use of 
the figure always to be assumed. 



Fig. 184. 



To construct a Figure equal m area to the sum of the 
areas of any two dissimilar Figures. 

This result may be obtained by Fig. 119, by re- 
ducing each figure into an equal triangle, and then by 
constructing, by Fig. 130, a triangle equal to the two 
obtained triangles. 

Or, by an application of Fig. 119, 

Let A B C D E, and 1, 2, 3, be two irregul^ 
figures, to be converted into one equal figure. 

Join A 2. 

Draw from 1 a line parallel to A 2, to cut line 
A B in 4. 

Join 2, 4. 

Join 2 E. 

Draw from 3 a line parallel to line 2 E, to cut line 
ED in 5. 

Join 5, 2. 

B C D, 5, 2, 4, will be one figure, equal in area to 
the two given figures. 
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Join D B. 

Draw a line from C parallel to D B^ cutting line 
4 B in 6. 

Join D 6^ and the two irregular figures have been 
changed into a pentagon ; by a repetition of the process 
change this into a four-sided figure^ and that into a 
triangle. 

The triangle may be converted into an equal 
parallelogram^ and that into an equal square. 

Thus any number of irregular rectilineal figures 
may be converted into an equal square. 

By reducing any irregular rectilineal figures into 
equal triangles^ and then constructing, by Fig. 130, a 
triangle equal to the difierence between the two ob- 
tained triangles, a figure may be obtained equal to 
the diflference between any two or more irregular 
figures. 

. By a reversal of the process, any rectilineal figure, 
regular or irregular, may be converted into an equal 
figure, having one side more than the given figure. 



Fig. 135. 



To divide a given Triangle, ABC, into any given 
number of equal or proportional parts, by lines 
drawn from a given point D, in one of its sides. 

Draw a line from D to the opposite angle C. 
Divide the side of the triangle on which point D is 
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situate^ as line A B^ into the same number of similar 
parts^ whether equal or proportional, as those into 
which the triangle is proposed to be divided, as 1, 2, 3. 

Draw lines from 1, 2, 3, parallel to line D C, 
catting the sides of the triangle in 4, 5, 6. 

Draw lines from D to points 4, 5, 6. 

Rub out lines 1 4, 2 5, D C, 3 6, and the figure 
will be completed. 

That is, D A 4, D 4 5, D 5 6, D 6 B, will bear 
the same proportion to the given triangle ABC, 
that the parts A 1, 1 2, 2 3, and 3 B, bear to the 
side, A B, of the given triangle. 

If it be required to divide a given triangle into a 
number of parts in similar proportion to a given 
divided line, greater or less than the side of the triangle, 
as line E F ; then, by Fig. 15, divide line A B simi- 
larly to line E F, and proceed. 



Fig. 136. 
To divide a given Rectilineal Figure, as ABODE, 
into any given number of equal or proportional parts, 
by lines drawn from a given angle of it, as B. 

Reduce the given figure into an equal triangle, by 
Fig. 119, making the given point, B, its vertex. 

Divide the base of the obtained triangle, A 4, into 
the same number of similar parts, whether equal or 
proportional, as those into which the given fegvixe la 
proposed to be divided, as 1, 2, 3, 4. 
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Draw lines B C and B D. 

Produce side C D. 

Draw lines 2 and 3, parallel to line B G^ cutting 
line C D in 5 and 6. 

Draw a line from 6 parallel to line B D^ cutting 
line D E in 7. 

Draw lines B 1^ B 5, and B 7. 

Rub out lines B C and B D^ and the figure will be 
completed. 



Fig. 137. 

To divide a given Rectilineal Figure, A B C D E P, into 
any given number of equal or proportional parts, by 
lines drawn from a given point, G, within it. 

Reduce the given figure into an equal triangle, as in 
the last case, by Fig. 119. 

Reduce the obtained triangle into an equal triangle, 
having its vertex in the given point G, by Fig. 121, as 
triangle o G 5. 

Divide the base of the triangle o 5 into the same 
number of similar parts, whether equal or proportional, 
as those into which the given figure is proposed to be 
divided, as 1, 2, 3, 4, 5, as in the last figure. 

Produce F C. 

Draw line G F. 

Draw lines from 4 and 5 parallel to line G F, and 
cutting the produced line F G in 6 and 7. 

Draw line G G. 
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Draw aline from 7 parallel to line G C, and cutting 
line B C in 13. 

Produce line E D. 

Draw line 6 E. 

Draw lines from 1 and 2 parallel to line G E, 
cutting the produced line E D in 8 and 9. 

Produce line D A. 

Draw line 6 D. 

Draw lines from 8 and 9 parallel to line G D, and 
cutting line D A in 10 and 11. 

Draw line G A. 

Draw a line from 11 parallel to line G A, and 
cutting A B in 12. 

Draw lines G 3, 6 6, G 13, G 12, and G 10, and 
those lines will divide the figure as required. 
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-, each Circle touching 



one of its sides . . 

three equal, in a Circle 

'■ four , ■ ■ 

■ five , 

to describe about a, six other Circles . . 

to inscribe within a given, three equal Scmidrdes 



67 
68 
69 
70 
77 
78 
83 
87 



54 89 
&4 99 

55 91 

55 92 
86 129 

56 9^ 

56 94 

57 95 

90 lai 

91 132 

58 96 

58 97 

59 98 

60 100 

59 99 

60 100 

60 101 

61 102 

62 104 
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Page Fig. 

Circlefl, the area of, equal to Parallelograms, &c. . . 68 1 lil 

, Triangles and Squares have areas, &c. 69 111 

To Construct an Equilateral Triangle on a given base . . . . 15 17 

of a given altitude . . 15 18 

Isoskeles Triangle on a given base, with & given 

vertical angle 16 19 

any Triangle, its base and the angles at its base 

being given . . . . 16 20 

, , its three sides being given . . . . 17 21 

■ ' a Square upon a sriven base . . . . . . 17 22 

• having a given diagonal 17 23 



- an Oblong of two given sides 18 24 

- of which the diagonal and one side is given 18 25 



• a Rhombus, having a base and angle equal to a given 



base and angle . . . . . . 18 26 

-, having a given diagonal and a given side 19 27 



• a Rhomboid, having adjacent sides equal to two given 



lines and an angle equal to a given angle . . 19 28 

its adjacent sides and its diagonal 



given 20 29 

a Trapezium equal to a given Trapezium . . . . 20 30 

- when the length of the diagonal and 



the angles and its eztremity are given . . 20 31 

> when two of its adjacent sides, &c. are 



given 21 32 

— any regular Polygon, the circumscribing circle being 

given 22 33 

22 34 

— , one side being given . . 23 35 

— 23 36 

24 37 



a regular Pentagon, the circumscribing circle being 



given 26 39 

Hexagon 26 40 

Heptagon 26 41 

Octagon 27 42 

Nonagon 27 43 

Decagon, or Pentadecagon, the circum- 
scribing circle being given . . . . . . . . 27 44 

Undecsgon 28 45 

— 7 a Pentagon upon a given line . . . . 28 46 

Hexagon 29 47 

Heptagon 29 48 

an Octagon 30 49 

— a Nonagon 30 50 

- Decagon 31 51 



— an UndecagOB . . . . . . . . . . 32 52 

— a Triangle having a Perimeter equal to a given line, 

and angles equal to those of a given Triangle . . . . 46 73 

— a Triangle ^qual to a given Trapezium . . 77 118 
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Page Fig. 
To Construct a Triangle eqnal to a given regular Polygon . . 79 120 
on a given base, &c. a Triangle equal in area to a 

given Triangle ., 80 121 

' an Equilateral Triangle equal to a given Triangle 

not Equilateral 811 22 

on a given line a Parallelogram equal to a given 

Parallelogram 82 123 

.. 83 124 

■ proportional to a 

given Parallelogram . . . . . . 83 125 

a Square equal in area to a given Parallelogram . . 84 126 

a Parallelogram on a given line equal in area to a 

Square 85 127 

a Triangle, Parallelogram, Circle, or regular Poly- 
gon, having any given proportion to a given Triangle, 

&c. ate 86 129 

a Triangle equal to two or more dissimilar Triangles 89 130 

a Triangle, Parallelogram, Circle, or regular Poly- 
gon, equal to two given similar Triangles, &c. &c. 90 131 

equal 

to the difference between two given similar Triangles, 

&c 91 132 

a Figure equal to two dissimilar Figures . . . . 93 134 

Decagon, to construct any regular, the circumscribing circle 

being given . . . . . . . . . . 27 44 

, upon a given line ..31 51 

To Describe any regular Polygon about a similar Polygon . . 25 38 

a Circle passing through three given points . . 43 67 

a similar Triangle about a given Triangle . . . . 46 74 

an Equilateral Triangle about a Square . . . . 50 81 

-^— — — a Square about a given Square 51 82 

" a Circle about a given Square . . . . 51 83 

- — an Equilateral Triangle about a Circle ..54 89 

any Triangle about a Circle, having angles eqnal to 

those of a given Triangle 55 91 

a Square about a Circle 55 92 

— — ^— a Circle touching two given Circles . . . . 56 93 

about a Circle six other Circles 61 102 

To Divide a Line into any number of equal parts . . . . 13 13 

• .. .. .. .. 14 14 

proportionally to a given divided Line . . 14 15 

.. 14 16 

— into extreme and mean proportion . . . . 74 116 

; — into its i, ite i, i, i, &c 74 117 

■ — - a Circle into any given number of proportional parts 56 94 

• 1 — number of parts equal to each other 95 57 

— — a given Triangle into any given number of equal or 

proportional parts, by lines drawn from a point in one 

of its sides 94 135 
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Page Fig. 
To Divide a given Rectilineal Figure into any number of equal or 

proportional parts, by lines drawn from an angle of it 95 136 
I, . ■ of equal or 

oroportional parts, by lines drawn from a given point 

withinit ... .. ... . .. 96 137 

To Draw a Line perpendicular to a given line from a pomt m the 

line 9 3 

. -— , — from a point alcove 

or below the line 10 4 

. ■ at its extremity 10 5 

^ . 10 6 

" ' 11 7 

** * 11 8 



• to the curve of an Ellipse from a 



given point .. .. •• •• y •• 45 72 

. parallel to a given line from a given pomt . . 12 9 

^ ^, at a distance from it equal 

to a given line . . • . . . . • . . 12 10 

. from a point, making an angle equal to a given 

angle 12 11 

_ 7 13 12 

— a Tangent to a Circle at a given point of contact . . 43 68 

from a given point without . . 44 69 



to any point of contact when the 



centre ctmnot be used 44 70 

- to an Ellipse at a given point of contact . . 44 71 



a Riffht Line equal to the circumference of a given 

circte .. .. -71 112 

. . a Parallelogram equal to a given Triangle in area and 

perimeter •• «. ..85 128 

Egg-shaped figure, to describe an, its transverse and conjugate 

diameters being given . . 38 59 

^ . , , by arcs of circles . . . . 39 60 

Ellipse, to describe an, its axes being given 34 54 

. ' . . . . . . 35 55 



35 56 

• by a string . . 36 57 

• by arcs of circles . . 37 58 
to find the centre and axes of an, the circumference 

being given 42 66 

to draw a Tangent to an, at a given point of 

contact ;. , •• ^^ ^1 

. a line perpendicular to the curve of an, from 



a given point , .. -. •• 45 72 

Equilateral Triangle, to construct an, on a given Ime . . . . 15 17 

^ , — ; — , of a given altitude . . 15 18 

~, to inscribe an, in a square . . . . 49 79 

^— , to describe an, about a square . . 50 81 

Four-sided Figure, to inscribe a Square in any ..52 84 
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Pag» Fig. 

Equilateral Four-tided ilgure, to ineerUM a CitcIb in aaj . . 33 87 

Tiiangle, to inscribe or deicribe an, wiibw or about 

a given Circle 54 89 

^ to inscribe three equal Circles in, &g. . . 58 96 

, 58 97 

, ■ ' • Semicircles in, &c 62 lOS 

, to construct an, equal to a Triangle not 81 122 

Heptagon, to construct a regular, the circumscribing circle being 

given 26 41 

—f • ^, upon a given line . . . . 29 48 

Hexagon, ■ ■ , the circumscribing circle being 

given 26 40 

^ — . ^ upon a given line . . 29 47 

To Inscribe any regular Polygon within a similar Polygon . . 25 38 

any similar Triangle within a given Triangle . . 46 74 

a Square within any Triangle 47 75 

an Oblong in any Triangle 48 76 

a Circle .. 49 77 

an Equilateral Triangle in a Square 49 79 

^ an Isoskeles Triai^le in a Square . . .-50 80 

• a Square within a given Square 51 82 

— a Circle within a given Square 51 83 

- — a Square in any Equilateiul four-sided Figure . . 52 84 

a Rhombus in any 'Parallelogram 52 85 

a Square in any Trapezium, &c. . . . . 52 86 

a Circle in any Equilateral four-sided Figure . . 53 87 

Trapezium, &c 53 88 

an Equilateral Triangle within a ^ven Circle . . 54 89 

any Triangle in a Circle, having angles equal to a 

given triangle . . . . 54 90 

a Square in a Circle . . . . . . . . 55 92 

three equal Circles in an Equilateral Triangle, &c. . . 58 96 

58 97 

four equal Circles in a Square, &c 59 98 

60 100 

three equal Circles in a Circle 59 99 

four 60 100 

five 60 101 

— within an Equilateral Triangle three equal Semi- 
circles, &o. 62 103 

within a Circle three equal Semicircles, &c. . . 62 104 

a Square four , &c. ..63 105 

Isoskeles Triangle, to construct an, on a given base, with a given 

vertical angle 16 19 

, to describe an, in a Square 50 80 

Line, to bisect a, either straight or curved . . . . . . 9 1 

, to draw a, perpendicular to a given line at a point in the line 9 3 
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Page Fig. 
Line, to draw a, perpeadioiflar t» a gi^en line from a point 

above or below tbe line . . 10 4 

- ^ at its extremity 10 5 

-, 10 6 

- 11 7 

-, 11 8 

-, parallel to a {[fiven line from a given point . . 12 9 
- at a distance from it 



equal to a given line . . 12 10 

-, from a point making an angle equal to a given 



angle 12 U 

lying without the line making an 



angle equal, &c. . . ■ . ' . . . . 13 12 

to divide a, into any number of equal parts ',, . . 13 13 

, .. 14 14 

* , proportionally to another divided line , . 14 l^ 

, 14 16 

— — , perpemdicular to tbe curve of an Ellipse from a 

given point . . . . . . . . , . 45 72 

, to draw a, equal to half the oiroumference of a circle . . 71 1 12 

, to divide a, into extreme and mean proportion . . . . 74 116 

Lines, Right, two being given to find a mean proportional ..71 113 

-, third proportional ..72 114 

«, three .^ — > fourth 73 115 

Nonagon, to construct a regular, the drcumscribing circle being 

given 27 43 

, ' , upon a given line . . , . 30 50 

Oblong, to construct an, of two given sides . . . . 18 24 

, ^ ^ of which the diagonal and one aide is 

given .. 18 25 

-, to inscribe an, in any Triangle . . . . . . 48 76 



Octagon, to construct a regular, the circumscribing circle being 

given 27 42 

— , ^ ', upon a given line . . 30 49 

Oval, to describe an, or egg-shaped, its transverse and conju- 
gate diameters, &c. being given . . . . 38 59 

— ^, , by Arcs of Ciralea . , 39 60 

Parallel; to draw a Line, to a given line from a given point . . 12 9 

m , — . , at a given distenoe ..12 10 

Parallelogram, to inscribe a Rhombus in any 52 85 

Parallelograms having equal bases, &c., have equal areas . . 65 107 

' are equal to Triangles, &c 66 108 

Parallelogram, to construct on a given line a, equal to a given 82 123 

, 83 124 

— • , ' , proportional to 

another , 83 125 

■ ' ■ > — , * a Square equal to a given . . . . 84 126 
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Page Fig. 

Parallelogram, to constract a, on a given line equal to a given 

Square 85 127 

, , equal to a given Triangle in area 

and perimeter 85 128 

, , having any given proportion to 

another 86 129 

, , equal to two similar Paralldo- 

- grami 90 131 

^ ^ equal to the difference between 

two given similar ParallelogramB 91 132 

Pentagon, to construct any regular, the circumscribing circle 

being given 26 39 

, a, upon a given line 28 46 

Pentadecagon, to construct any regular, the drcnmscribing 

circle being given 27 44 

Perpendicular, to dmw a line, to a given line at a point in the 

line 9 3 

, , from a point 

above or below the line 10 4 

, , — — — at its extremity 10 5 

, > 10 6 

, 11 7 

, 11 8 

Polygon, to construct any regular, the circumscribing circle 

being given 22 33 

, , 22 34 

, , upon a given line . . 23 35 

, , 23 36 

, 24 37 

, to describe or inscribe any regular, about or within a 

given Polygon 25 38 

, within a Circle to find the side of any, from a five to a 

twenty -sided inclusive 32 53 

, to construct a, having any given proportion to another 86 129 

' , , equal to two similar Polygons . . 90 131 

, , equal to the difference between two given 

similar Polygons 91 132 

, Trianc^le equal to a 79 120 

Proportional, two right lines being given to find a mean . . 71 113 

, third . . 72 114 

, three fourth .. 73 115 

, to divide a right line into extreme and mean . . 74 116 

Rectilineal Figure, to convert a, into another of equal area but 

one side less 78 119 

f > but 

one side more 92 1 33 

, to divide a, into any number of equal or 
proportional parts by lines drawn from a given angle 
ofit 95 136 
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P»ge Pig. 
Rectilineal Figure, to divide a, into any number of equal or 

proportional parts by lines drawn from a given point 

within it 96 137 

Rhombus, to construct a, having a base and angle equal to a 

given base and angle 18 26 

^ ^ having a given diagonal and a given 

side 19 27 

, to inscribe a, in any Parallelogram . . . . . , 52 85 

Rhomboid, to construct a, having adjacent sides equal to two 

given lines, and an angle equal to a given angle- . . 19 28 
, • — , having its adjacent sides and its 

diagonal given . . . . . . . . . . . . 20 29 

Right Angle, to trisect a 41 63 

Semicircles, to inscribe three within an Equilateral Triangle . . 62 103 

•a Circle 62 104 



, to inscribe four within a Square 63 105 

Spiral Curve, to describe a, the greatest diameter being given . . 39 61 

Square, to construct a, upon a given base 17 22 

, having a given diagonal . . . . 17 23 



to inscribe a, within any Triangle 47 75 

an Isoskeles Triangle in a . . . . . . 50 80 



to describe an Equilateral Triangle about a . . . . 50 81 

to inscribe or describe a, within or about a given . . 51 82 

a Circle within or about a given 51 83 



■ a, in any Equilateral Four-sided Figure . . 52 84 
-, in any Trapezium, &c 52 86 



to inscribe or describe a, in or about a Circle . . . . 55 92 

four equal Circles in . . . . . . 59 98 

within a, four equal Semicircles .. ..63 105 

to construct a, equal in area to a given Parallelogram 84 126 

Parallelogram on a given line equal to a 

given 85 127 

Tangent, to draw a, to a Circle at a given point of contact . . 43 68 

, , from a given point without . . 44 69 

, , to any point of contact when 

the centre cannot be used . . . . . . 44 70 

, , to an Ellipse at a given point of contact 44 71 

Trapezium, to construct a, equal to a given Trapezium ... 20 30 
, , when the diagonal and the angles at 

its extremity are given 20 31 

^ ^ when two of its adjacent sides, &a 

are given . . . . . . . . . . . . 21 32 

— , to inscribe a Square in any, &c 52 86 

, Circle in any, &c £3 88 

, to construct a Triangle equal to a 77 118 

Triangle, Equilateral, to construct an, on a given base . . 15 17 
, , , of a given altitude . . 15 18 
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Pag» Fig. 
Triangle, Iswlieles, to ooBstract an, on a given base with a 

given vertical an^ . . 16 19 

, to ooDfitract any, its base and the angles at its base 

being given .. 16 20 

-, its three sides being given . . 17 21 

, to fiod the centre of any 42 64 



to construct a, having a given perimeter and given 
angles • . . . 46 

to inscribe or describe any sunilar, about a given 
triangle .. .. .. .. .. .. ..46 

— — a Square within any 47 

an Oblong in any 48 

a Circle within any 49 

to describe a Circle about any . . 49 

to inscribe an Equilateral, within a Square . . . . 49 

Isoskeles, in a Square 50 

to describe an Equilateral, about a Square . . . . 50 
, Circle . . . . 54 



any, in a Circle, having angles equal to a 



given Triangle . . . . . . . . 54 

to describe any, about a Circle, do. do. 55 
to inscribe three equal Circles, &c. in an Equilateral 58 
,&c 58 



73 

74 
75 
76 
77 
78 
79 
80 
81 
89 

90 
91 
96 
97 



teral 



• Semicircles, &c. in an Equila- 



Triangles are equal to ParaUelograms, &c 

■ having equal altitudes, &c . . 67 



62 103 
66 108 



109 



Triangle, to construct a, equal to a Trapezium 

-, regular Polygon 

-, on a given base or altitude equal to a 



77 118 
79 120 



given 80 121 

an Equilateral equal to a given Triangle 

not Equilateral 81 122 

to draw a Parallelogram equal in area and perimeter 

to a given 85 128 

to construct a, having any given proportion to another 86 129 
—, equal to two or more dissimilar Tri- 
angles 89 130 

, similar Triangles . . 90 131 



— ^— , equal to the difference between two 

given similar Triangles 91 

given dissimilar Triangles 90 



to divide a, into any number of equal or proportional 
parts by lines drawn from a point m one of its sides . . 94 
Trisect, to, a right angle 41 

Undeoagon, to construct a regular, the circumscribing circle 

being given 28 

■ ' - ■ t , upon a given Kne . . 32 



132 
130 

135 
63 



45 
52 
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Figwet suggested to be taught in Elementary Schools, and upon which 
the Examination of Schoolmasters and Pufnl-teaehers, in connexion 
with the Committee of Privy Council for Educationp will be based. 
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Figures suggested to be taught in Central Art SchoolSt and upon which 
the Examination of Certificated Masters for Schools in connexion 
with the Departmenti will be baaed. 
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